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1.0 INTRODUCTION

In June 1988, a proposal was submitted by ENSR Consulting and
Engineering (formerly ERT) to Molycorp, Inc. to conduct an aquatic ecology
monitoring program in the Red River, located in north central New Mexico
in the vicinity of Questa and Red River, New Mexico. This report
describes the sampling effort that occurred on the Red River in October,
1988 and the results of that effort.

In the early 1970’s, concern developed for the water quality of the
Red River which receives discharge from municipal treatment facilities as
well as discharge from Molycorp’s mining and milling operation. To
determine if these sources were impacting the Red River aquatic ecology,
several studies were completed on the river between 1971 and 1985. R.
Pennak conducted aquatic surveys of the river between 1971 and 1982. 1In
addition, the Surveillance and Standards Section of New Mexico
Environmental Improvement Division (Surface Water Quality Bureau)
perforﬁed surveys of the Red River in 1984 and 1985. In order to provide
data for comparison to this historical_information, an effort was made on
the part of ENSR to measure not only density and diversity of benthic and
algal populations, but also to calculate various community parameters
(e.g., diversity indices, BCI, community similarity indices) that would
allow better estimations of spatial and temporal community changes.
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2.0 MATERIALS AND METHODS

2.1 Sample Site Locations and Times

The Red River lies in the Rio Grande watershed in northern New
Mexico. The headwaters of the Red River are found in the Sangre de Cristo
Mountains. Approximately 6 miles upstream of the town of Red River, at an
elevation of 9,400 feet, the EFast and Middle forks of the river merge to
form the main chammel of the Red River. The river flows in a westerly
direction for approximately 27 miles and eventually empties into .the Rio -
Grande at an elevation of 6,500 feet. At its mouth, the drainage area of
the Red River is 190 square miles (Jacobi and Smolka 1984).

A total of seven stations were located on the Red River upstream of
and downstream of thé town of Questa, New Mexico on October 10, 11, and
12, 1988. Descriptive locations of the stations are as follows:

] Station 1 - On the Red River approximately 200 meters upstream
of Molycorp’s mill fence line.

] Station la - On the Red River near the Goat Hill Campground, or

approximately one mile downstream of Molycorp’s mining/milling
complex.

° Station 2 - On the Red River just upstream of the gaging

station at Questa Ranger District and approximately two miles
downstream of Station la.

° Station 3 - On the Red River approximately 150 meters upstream
of Pope Creek.

. Station 4 - On Pope Creek approximately 50 meters upstream of
its confluence with the Red River. This station was dry and was
not sampled.

. Station 5 - On the Red River approximately 150 meters upstream
from the fish hatchery.

° Station 6 - On the Red River approximately 0.5 mile downstream
from the fish hatchery.

[ Station 7 - On the Red River immediately upstream of its
confluence with the Rio Grande near La Junta campground.

The stations were sampled between October 10 and Octcber 12 at various
times, as follows:

- —_—
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. Station 1 - October 12; 1015-1045 hours
® Station la - October 10; 1730-1800 hours
e Station 2 - October 12; 0900-0945 hours
® Station 3 - October 11; 1400-1430C hours
[ Station 5 - October 11; 1635-1700 hours
® Station 6 - October 11; 1530-1600 hours
® Station 7 - October 11; 1100-1130 hours

2.2 Collection of Benthic Macroinvertebrates

At each station (excluding Station 7) three samples were gathered
using a Surber sampler. At Station 7, three samples were collected using
a delta-frame dip net (D-net) for a given time interval (30 to
35 seconds). A D-net, rather than a Surber sampler, was used at Station 7
because of the depth (>2 feet) and swiftness of the water. The Surber
samples were collected from areas in the river that best represented
substrate conditions. The sampler was placed on the substrate with its
opening facing upstream. The substrate material contained within the one
sqﬁare foot sampling frame was then disturbed by hand until all of the
material had been sufficiently disturbed to remove all or most of the
benthic organisms. This effort usually took from 60 to 80 seconds. The
sampled material was then placed in a sieve bucket where excess debris and
sediment were removed by swirling the bucket in the stream. The ‘remaining
contents were placed in a labeled l6-ounce widemouth polypropylene jar
partially filled with water. The sample was preserved with formalin to a
final concentration of about 10 percent. The sample was placed in a
cooler for storage until shipment back to the laboratory.

2.3 Collection of Periphyton

At each station a known area of substrate, usually rock, was scraped
with a pocket knife and the contents placed in a 2-ounce jar and preserved
with 5 percent formalin. Samples were taken, to the extent possible at
the particular station, from rocks that had a wvisible growth of
macrophyton, that is, plant material including algae and non-algal plants
such as bryophytes. This was done in order to be reasonably consistent
with past studies performed by R. Pennak. After each sample was
collected, the area scraped was measured and recorded into the field

notebook. The areas from which samples were taken at each station are as
follows:

M-00000624
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™ Station 1 - 18 in®

. Station la ~ 36 in?

] Station 2 - Very Scarce; a dispersed sample taken,
no area measured.

o Station 3 - 16 in?

. Station 5 - 36 in?

° Station 6 - 16 in®

o Station 7 - 20 in?

At locations where macrophyton growth was dense, the collected macrophyton
was gently rinsed of excess inorganic material (sand, silt, etc.) before
being placed in the sample container. Each sample container was labeled

and placed in a cooler for transport to ENSR's Fort Collins, Coloradoe
office.

2.4 Instream Measurements and Collection of Water

Four water quality measurements were taken at each station: pH,
dissolved oxygen (DO, mg/L), temperature {°C), and conductivity (umhos).
Measurements of pH were taken with an Orion Model 211 portable pH meter
and probe. Prior to each reading, the pH meter was calibrated to pH 7.0
using a standard buffer solution. At the beginning of each sampling day,
the pH meter was calibrated to pR 7.0 and 10.0 using standard buffer
solutions. Dissolved oxygen and temperature were measured using a
calibrated ¥SI Model 54 ARC DO/te@pe:ature meter. Prior to each day’s
use, the meter was air calibrated to existing temperature and altitude
conditions according to manufacturers instructions. Electrical
conductivity was measured in umhos/cm using a YSI Model 31 SCT meter.
Conductivities were temperature compensated in the field. All data were
recorded (in ink) into a waterproof field book.

Water was collected at each station to be analyzed for selected
metals and conventional parameters. A gsingle one-liter plastic container
was used to collect water for metals; another was used to collect water
for the conventional parameters. The containers were labeled prior to
sample collection. To £fill the containers, the bottles were submerged
near the center of the stream channel (thalweg). The samples were kept on
ice and no preservatives were added since the samples were delivered at
the end of each day to Molycorp’s on-site analytical laboratory. Once in

the laboratory, the samples for trace metals analyses were acidified to pH
2 using nitric acid.

M-00000625
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The conventional parameters measured included pH (in-lab), total
suspended solids (TSS), total dissolved solids (TDS), turbidity, sulfate,
cloride, and total alkalinity. Both dissolved and suspended portions were
analyzed for the following metals: cadmium, lead, iron, manganese,
molybdenum, zinc, copper, aluminum, and barium.

2.5 Sample Analysis

2.5.1 Benthic Macroinvertebrates

Benthic (and periphyton) samples were transported to ENSR’s office in
Fort Collins via automobile. The samples were then logged in and given a
unique sample number. The sample preservative was checked and the samples
were turned over to ENSR’s taxonomic subcontractor, Mr. Henry Zimmerman,

_for analysis.

Sample material for macroinvertebrate analysis was first rinsed of
excess formalin in a standard No. 30 (0.495 um) sieve. The rinsed
contents of each sample were placed in a white enamel pan with water, qnd
carefully sorted from the debris. Sorted benthic organisms were placed'in
vials containing 70 percent isopropyl alcohol (2-propanol). The organisms
were counted and identified to the lowest taxonomic level practical. Most
organisms were identified to genus and some to species.

In addition to identification and enumeration, total sample biomass
per replicate sample was determined. Biomass was expressed as dry weight.
For each sample, the organisms were placed in pre-weighed aluminum dishes
and dried for 24 hours at 103 to 105°C. The samples were then weighed to
the nearest .0001 grams on a A & D Model ER-180A énalytical balance.

Data analysis provided several benthic commnity measurements for
each station. In addition to faunal density (No./m2) and total taxa,
percent relative abundance, total biomass (gm dry weight/m2), specieé
diversity, species evenness, and Biotic Condition Index (BCI) were also
calculated, These indices were added to the data analysis in order to
make ENSR’s data more comparable to other recent data collected by the
State of New Mexico. Finally, a community similarity index (Morisita’s)
was used to compare the benthic communities of the sampling stations, and

M-00000626
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stations were statistically compared to one another using Kruskal-Wallis
nonparametric analysis of variance tests to determine if significant
(a0.05) changes in the benthic community occur moving from upstream to
downstream sites.

The index of species diversity for these data was the Shannon-Wiener
index (Weber 1973; Brower and Zar 1977). The Shannon-Wiener index (H';
also symbolized by "d" in Weber 1973) considers both the number of taxa
present at a station and the distribution of individual organisms within
each taxa. The biotic condition index is designed to provide a system for
evaluating existing macroinvertebrate community conditions based upon
their biotic potential (Winget 1985). The potential of a community (CTQp;
Predicted Community Tolerance Quotient) is determined by examining four

~ chemical and physical characteristics of the stream, those being: total

alkalinity, sulfate concentration, percent gradient, and substrate type.
These characteristics were determined for each station, alkalinity and
sulfate by actual measurement, substrate by on-site observation, and
percent gradient by measurements from 1:24,000 U.S.G.S. topographic maps.
The Actual Commnity Tolerance (CIQa) was then calculated from tolerance
quotients assigned to each benthic invertebrate taxa found at a particular
station. The BCI is determined by dividing the predicted value by the
actual value, A CTQa greater than 75 with a BCI less than 75 would
indicate a poor quality environment, a CTQa between 61 and 74 and a BCI
between 76 and 89 would indicate a moderately degraded environment, and a
high quality environment would be indicated by a CTQa less than 60 and a

'BCI greater than 90 (Smolka and Jaccbi 1986).

2.5.2 Periphyton

The periphyton (including macrophyton) samples were prepared for
identification, enumeration, and biomass analysis. Algae were identified
at least to the genus level. For all groups except Bacillariophyta
(diatoms), relative composition was estimated by counting the number of
organisms present in five horizontal strips on a Sedgewick-Rafter cell.
Hydrogen peroxide {30 percent) was used to clear diatom frustules of
organic matter. The diatoms were placed on heated coverslips which, after

evaporation of the hydrogen peroxide, were mounted on slides using Hyrax
mounting medium (Ward and Dufford 1979).

M-00000627
2-5



Ash free dry weight (AFDW) of the periphyton/macrophyton was
determined in all samples. The plant material was placed in pre-dried and
pre-weighed crucibles and dried initially at 105°C for 24 hours. After
the samples were cooled and weighed, they were ashed in a muffle furnace
at 550+5°C for approximately 1 hour. The samples were then rewetted to
restore the water of hydration to clay and other inorganic material,

redried at 105°, and weighed. AFDW was determined by subtracting the ash
weight from the dry weight.
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3.0 RESULTS

3.1 Benthic Macroinvertebrates

3.1.1 Benthic Density and Number of Taxa

A total of 20 benthic macroinvertebrate taxa were identified from all
the stations on the Red River (Table 3-1). The number of taxa present at
each station varied from 3 at Station 2 to 12 at Station 6. Moving
downstream from Station 1, there was a steady decline in the number of
taxa at the first three stations (Figure 3-1). However, the number
climbed again at Station 3 and remained approximately the same throughout
the rest of the river. The total density of macroinvertebrates (excluding
Station 7 where only qualitative samples were taken) was considerably
higher at Station 6 (1972.67 oréanismS/hF) when compared to the other
stations (Figure 3-2). Wwhile variation existed at any single station in
the benthic densities in each replicate (Table 3-2), there was a basic
consistency at most stations. One replicate at each station, though,
tended to be lower than the other replicates. 1In general, the density
pattern is similar to the taxa pattern with lower densitieé at Statiens 1,
la, and 2, and higher densities at the downstream stations. As one might
expect, the changes in macroinvertebrate dry weight (grams/m’) are very
similar to the density changes, with the greatest dry weight (1.8034)
being measured at Station 6 (Table 3-3, Figure 3-3). '

Several benthic species were found at all stations, while others were
identified only at one site. At Station 1, for example, approximately 50
percent of the organisms were either Drunella grandis (Mayfly) or
Arctopsyche sp. (caddisfly) (Table 3-4). D. grandis was found at three
additional stations, but at much lower percentages, and Arctopsyche sp.
was additionally found only at Station la at 9.1 percent. 1In general,
there appears to be a shift in commnity composition from the upstream
stations to the downstream stations. At Stations 1 through 5, a larger
part of the community was made up of either mayflies (Ephemeroptera) or
stoneflies (Plecoptera). 1In the middle and downstream stations (3 to 7)
caddisflies (Trichoptera) comprised an increasingly large percentage of
the population. At Station 6, for example, over 71 percent of the benthic
organisms were of the genus Hydropsyche sp. This genus was not identified
at all in samples from Stations 1, la, and 2. Given the overalligreater

p R
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TABLE 3-1

SUMMARY -OF MEAN BENTHIC MACROINVERTEBRATE DENSITIES AND
VARIOUS COMMUNITY PARAMETERS

]
et

—_—

N N
—_ !

Taxa

Station

la

8]

3

71

Ephemeroptera
Baetis sp.
Drunella grandis

Rhithrogena sp.

Plecoptera

Isogenoides elongatus

Pteronarcella badia

Coleoptera

§ Optioservus sp.
& Narpus sp.

Trichoptera

Arctopsyche sp.
Apatania sp.

Hydropsyche sp.
Rhyacophila sp.

Brachycentrus americanmus

B. occidentalis

Diptera
Atherix sp.
Hexatoma sp.
Tipula sp.
Wiedmannia sp.
Tanyderidae

Hemiptera

0€S200000-W

10.762
57.39
28.69

10.76
32.28

50.21
7.17

7.17
17.93

7.17

14.35
43.04

7.17

3.59

50.21
14.35
32.28

10.76
32.28

7.17

64.56 111.19

3.59
3.59

89.67
7.17

39.45

3.59

$7.39
14.35
172.16

10.76
86.08

7.17

107.60
3.59
28.69
3.59

3.59

143.47
139.88

7.17
46.63

25.11

1405.97
39.45
114.77

28.69
10.76
3.59

37.3
0.3
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TABLE 3-1 (CONTINUED)
Station

Taxa 1 1a 2 3 5 6 7t
Turbellaria

Dugesia sp. 7.17
Total (No./m?) 229.55 78.91 107.60 362.25 494.96 1972.67 135.9
Total Taxa 10 6 3 11 11 12 10
Diversity (H') 2.92 1.96 1.30 2.68 2.56 1.66
Everness {J') 0.88 0.76 D.82 0.77 0.74 0.46
CTQp 50 50 50 50 50 S0
CTQa 29.10 30.50 31.00 © 60.82 59.18 50.25
cTd 29.43 32.11 28.65 54.585 54,53 53.60
BCI 171.82 163.93. 161.29 82.21 84.49 99.50

lonly qualtitative samples were taken at Station 7; values only represent numbers/replicate.

ZNo./m?, mean of 3 replicates.
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TABLE 3-2

DENSITIES OF THE BENTHIC MACROINVERTEBRATE TAXA |
IN EACH REPLICATE FROM EACH STATICN

Taxa

Station/Replicate
1/a 15 1/c la/a la/b la/c

L L .

.

Ephemeroptera
Baetis sp.
Drunella grandis

Rhithrogena sp.

Plecoptera
Isogenoides elongatus
Pteronarcella badia

Coleoptera

Optioservus sp.
Narpus sp.

Trichoptera
Arctopsyche sp.
Apatania sp.
Hydropsyche sp.
Rhyacophila sp.

32.28 10.76 32.28
118.36 53.80
64.56 21.52 64.56  64.56

10.76 21.52 10.76
64.56 32.28 10.76 10.76

21.52 64.56 64.56 21.52
' 21.52

21.52

Brachycentrus americanus 10.76 43.04

Brachycentrus occidentalis

Diptera
Atherix sp.
Hexatoma sp.
Tipula sp.
Wiedmannia sp.
Tanyderidae

Hemiptera

Turbellaria
Dugesia sp.

Density (No./m’)
Total Taxa
Dry Weight (grams/m?)

21.52 10.76

96.84 376.60 215.20 21.52 107.60 107.60
3 8 6 2 3 4
0.1130 0.8038 0.5800 0.1194 0.0699 0.1420

3-6 M-00000634
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TABLE 3-2 (CONTINUED)

Station/Replicate

Taxa 2/a 2/b

2/c

3/a

3/b

Ephemeroptera
Baetis sp.
Drunella grandis 10.75 21,52
Rhithrogena sp. 53.80

Plecoptera
Isogenoides elongatus
Pteronarcella badia 10.76 96.84

Coleoptera
tioservus sp.

Narpus sp.

Trichoptera

Arctopsyche sp.
Apatania sp.
Bydropsyche sp.

Rhyacophila sp.
Brachycentrus americanus

Brachycentrus occidentalis

Diptera
Atherix sp.
Hexatoma sp.
Tipula sp.
Wiedmannia sp.
Tanyderidae

Hemiptera

Turbellaria
Dugesia sp.

Density (No./m?) 21.52 172.16
Total Taxa 2 3

Dry Weight (grams/m) 0.0398 0.3163

43.04

86.08

129.12
2
0.2507

21.52
53.80

10.76
10.76

10.75

32.28

139.88

6
0.3723

53.80
21.52
21.52

10.76
193.68

43.04
10.76

32.28

387.36
8

0.6413

75.32
21.52
21.52

129.12

10.76

10.76

215.20

10.76

53.80

10.76

559.52
10

0.7618

M-00000635
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l TABLE 3-2 (CONTINUED)
l Station/Replicate
Taxa b/a 5/b 5/¢ 6/a 6/ 6/c
l Ephemeroptera
Baetis sp. 64.56 32.28 75.32  225.96 43,04 161.40
o Drunella grandis 21.52 10.7¢ 10.76 -
l] Rhithrogena sp. 64.56 - 139.88  312.04 118.36 107.60 193.68
Plecoptera
i Isogenoides elongatus  10.76  21.52 10.76  10.76
I Pteronarcella badia 150.64 86.08 21.52 64.56 64.56 10.76
l' Coleoptera
J Optioservus sp. 21.52 32.28 43.04
Narpus sp.
l Trichoptera
Arctopsyche sp.
Apatania sp. . '
l Hydropsyche sp. 150.64 129.12 43.04 2055.16 1560.20 602,56
. Rhyacophila sp. 21.52 96.84
Brachycentrus americanus 10.76 172.16 172.16
l Brachycentrus occidentalis
- Diptera
Atherix sp. 32.28 10.76 43.04 32.28 10.76 43,04
l Hexatoma sp. 32.28
: Tipula sp. 10.76
Wiedmannia sp. 10.76
l Tanyderidae
Hemiptera - 10.76
lj Turbellaria :
Dugesia sp. 10.76 10.76
II Density (No./m?) 538.00 441.16 505.72 2786.84 2119.72 1011.44
: Total Taxa A 10 8 6 12 10 5
Dry Weight (grams/m?) 0.4777 0.6714  0.3594 2.5900 1.7603 1.0599

S e
— e

i

" . . _8 =
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TABLE 3-2 (CONTINUED)

Taxa

Station/Rteicate
7/a* /0 7/¢t

Ephemeroptera
Baetis sp.
Drunella grandis

Rhithrogena sp.

Plecoptera
Isogenoides elongatus
Pteronarcella badia

Coleoptera

Optioservus sp.
Narpus sp.

Trichoptera
- Arctopsyche sp.
Apatania sp.
Hydropsyche sp.
cophila sp.
Brachycentrus americanus
‘Brachycentrus occidentalis

Diptera
Atherix sp.
Hexatoma sp.
Tipula sp.
Wiedmannia sp.
Tanyderidae

Hemiptera

Turbellaria
" Dugesia sp.

Density (No./m?)
Total Taxa

. Dry Weight (grams/m?)

38 55 19
1

12 156 6

56 323 29
6 7 5
0.0403 0.2928 0.0242

lguantitative samples were not collected at Station 7. Those values only
represent number/replicate, not No. or grams/m’.
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Mean of three replicates.

20n1y qualitative replicates were taken at Station 7. Benthic densities and dry weights are therefore only per replicate, not per area.

o— P— ¢ B ;
TABLE 3-3
SUMMARY OF SOME BIOLOGICAL AND CHEMICAL PARRRAMETERS
FROM SEVEN STATIONS ON THE RED RIVER
Periphyton .
Mean No. Mean Ash Free
of Benthic Benthic Dry Weight Dissolved Electrical
Benthic Organisgs Dry Weiqht Poriphyton per Sampl Percent Percent Parcent pR oxygen Temperature Conductivity
Station Taxa (No./m"} {g/m ) Taxa (g/100 cm”) Bacillariophyta Chlorophyta Cyanophyta (Field) (mg/l) (°C) {ymhos/cm}
. .
1 10 229.55 0.4989 22 0.3967 10 0 90 7.98 8.1 4.0 150
la 6 78.91 0.1104 18 0.5644 10 0 20 7.6 8.9 8.1 205
2 3 107.60 0.2023 9 0.0011 <1 0 »99 7.45 9.1 . 4.5 198
3 11 362.25 0.5918 22 0.2225 15 0 a5 7.7 8.1 10.5 290
5 1 494.96 0.5028 25 0.0844 20 0 8o 8.05 8.4 12.5 275
13 12 1972.67 1.8034 33 0.6272 .30 ] 70 7.9 7.9 13.0 285
72 ig 135.90 g.1151 22 0.3148 ia 30 60 &.1 8.7 8.5 28¢
1
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TABLE 3-4

MEAN PERCENT RELATIVE ABUNDANCE OF EACH BENTHIC TAXON
AT EACH STATION ON THE RED RIVER

Taxa

Station

5

Ephemeroptera
Baetis sp.
Drunella grandis

Rhithrogena sp.

Plecoptera
Isogenoides elongatus
Pteronarcella badia

Colecoptera

Optioservus sp.
Narpus sp.

Trichoptera

Arctopsyche sp.
Apatania sp.
Hydropsyche sp.

Rhyacophila sp.
Brachycentrus americanus

Brachycentrus occidentalis

Diptera
Atherix sp.
Hexatoma sp.
Tipula sp.
Wiedmannia sp.
Tanyderidae

Hemiptera

Turbellaria
Dugesia sp.

9.1

N
w =
L]
= QO

=] W
[ ] .
oW

2.0

3.1 4.5 10.9

0.99

w =
S SN
o W

~}
[ ]

24.8  21.7
0.73

5.8

0.73

0.73

7.3 27.4
7.1 0.22

[ =]
L] .
)
o
19}

[ 8]

1.3 42.7
2.0 0.52
5.8

13.5

oo =
- L] .
= uwm
[l =

oo

0.36
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density of numbers at Station 6, even lower percentages may be a result of
greater actual numbers when compared to stations with lower benthic
densities. Brachycentrus americanus comprised 7.8 percent and 5.8 percent
of the total benthic community at Stations 1 and 6, respectively.
However, the actual densities at Stations 1 and 6 were 17.93 and 114.77
organisms/m?, respectively.

3.1.2 Community Condition Parameters

The various community condition parameters that were calculated are
shown in Table 3-1. The Shannon-Wiener diversity index (H’) wvaried from
2.92 at Station 1 to 1.30 to Station 2. The low index at Station 2 is,
for the most part, a result of only three taxa being found at that
station. Despite this fact, the evenness of the benthic taxa (J7) (which
measures the distribution of organisms among all the taxa) at Station 2
was fairly high at 0.82 or 82 percent (Table 3-1). The highest evenness
index was calculated at Station 1, which also had the highest H’ value.
The lowest evenness (0.46) was at Station 6, which had the second lowest
Shannon diversity. This indicates that, although samples collected at
Station 6 had the highest density as well as the highest number of taxa,
the distribution of organisms among taxa was poor.

The BCI (biotic condition index) amd parameters used to calculate it
are shown in Table 3-1. At the three farthest upstream stations (1, la,
and 2) the BCI’s were all 161 or above with the highest value of 171.82
being calculated at Station 1. Also at these three stations, the CTQa, or
actual community tolerance quotient, is low. Based upon these two
parameters, therefore, it may be said that the benthic communities at
Stations 1, la, and 2 are high quality. At the next three stations, the
BCI drops and the CTQa increases, indicating a decrease in the quality of
the community. Another factor, however, must be considered at these
stations. Note that in each case, the CTQd (dominance community tolerance
quotient) varies from the CTQa by more than three units. Winget (1985)
states that if this is the case, than the community may be dominated by
more tolerant species and the BCI may not be an accurate measure of
community quality. At Station 6 the difference between the CTQd and the .
CIQa is 3.35 and therefore the BCI may be appropriate at this station;

3-13 M-00000641
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such is not the case at Stations 3 and 5. At the three downstream
stations (excluding Station 7) it may be interpreted that the quality of
the benthic commnity is lower, perhaps significantly so, than the
upstream stations.

Morisita’s index of commmity similarity was calculated between each
station, except 7 {(Table 3-5). Based upon the BCI, one might expect a
distinct separation between the upper and lower stations; such is not the
case. The greatest similarity, for example, lies between Stations 5 and
la, with an index of 0.8l1. Station 6, however, is very dissimilar from
Stations 1, la, and 2, with similarity indices of 0.06, 0.12, and 0.05,
respectively. The indices between 6, and Stations 3 and 5 are higher,
with values of 0.56 and 0.52, respectively. Based upon these numbers,
therefore, Station 6 is much more similar to Stations 3 and 5, than to the
upstream stations. It can be assumed, although it can’t be calculated,
that Station 7 is probably more similar to Station 6 than to the upstream
stations.

3.1.3 sSstatistical Analysis

Kruskal-wallis analysis of variance was used to determine if a
significant difference existed among the six stations at which
quantitative benthic samples were collected. Four different parameters
were analyzed: density, dry weight, Shannon-Wiener diversity (H'), and
Shannon-Wiener Evenness (J’). It was found that only density and dry
weight were significantly different among the stations at an alpha level
of 0.05., The actual probabilities associated with the analysis were:
density, 0.017; dry weight, 0.028; diversity, 0.051, and evenness, 0.058.
To determine between what stations the differences actually existed, a
Student-Newman-Keuls multiple range test was used. In the case of
density, Station 6 was significantly (P=0.001) different from all the
other stations. Similarly, Station 6 had a significantly (P<0.004)
higher measured dry weight than the remaining stations.

3.2 Periphyton
Blue-green algae dominated the periphyton populations at all stations
(Table 3-3). At least 90 percent of the algae collected at Stations 1,

3-14 M-00000642
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TABLE 3-5

MORISITA'S SIMILARITY INDEX
FOR THE BENTHIC COMMUNITY!

' Station
Station 1 la 2 3 5 6
1 — .45 .29 .43 .45 .06
la .45 — .46 39 .81 .12
2 29 .46 —_— .13 .36 .05
3 .43 .39 .13 -— .78 .56
5 .45 .81 .36 .78 -_— .52
6 .06 B ¥ .05 .56 .52 e
lStation 7 is excluded since samples from this station were not
quantitative.
3-15 V00000843



la, and 2 were blue-green species. At Station 2, in fact, greater than
99 percent. were blue—green algae. Only at Station 7 did any of the alga
taxa belong to the division Chlorophyta (green algae).

The actual algal species that were identified, and their relative
abundance within each division, are given in Table 3-6. The greatest
number of taxa (33) were identified at Station 6; the lowest number (9) at
Station 2. More diatom (Bacillariophyta) taxa were seen than any other
group although their overall mass was less than the blue-green algae.
Certain species were more commonly identified than others, including
Achnanthes microcephala, A. minutissima, and Fragilaria vaucheriae. Of
course, it was the blue-green algae that dominated the collected samples
at all the stations. At all stations Oscillatoria spp. was found quite

frequently although Lyngbya nana made up 60 percent of the blue-green
algae found at Station 2.

Table 3-6 presents' the actual ash-free dry weights of all the
periphyton samples. The amount of plant material differed noticeably
between stations, with most of the weight being attributed not to algae
but to brycphytes (moss) that were collected with the periphyton. The
most material was collected at Station la; the least at Station 2 where
all of the material was algal. To allow for a better comparison of the
plant weights, all AFDWs were converted to grams/100 cm’® (Table 3-3).
when this is done, it can be seen that the greatest amount of material per
100cm? (0.6272 g) was found at Station 6 (Figure 3-3).

3.3 Chemical Parameters

Dissolved oxygen was measured at higher concentrationé in the three
upstream stations and declined downstream (Table 3-3, Figure 3-4).
However, the difference between the highest value of 9.1 and the lowest
value of 7.9 is actually quite small and probably not éignificant. The
changes in conductivity, hoﬁever, are very distinct between the upstream
and downstream stations (Table 3-3, FrFigure 3-4). ‘At Station 1
conductivity was 150 umhos/cm. While this value increases slightly at
Stations 1la and 2, it jumped to 290 imhos/cm at Station 3 and essentially
stayed at that level at the remaining stations. Measured field pH values

decreased from Stations 1 to 2, but increased again in the downstream
stations (Table 3-3, Figure 3-4}.

) - —_
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TABLE 3-6

PERCENTAGE COMPOSITION OF ALGAL SPECIES WITHIN THE DIVISIONS

Station

Taxa 1 la 2 3

DIVISION BACILLARIOPHYTA

LT-E

G¥800000-W

Achnanthes affinis

A. lanceolata var. dubia

A. lanceolata var. lanceolata
A. linearis

A, microcephala

A. minutissima

Cocconeis placentula
Cyclotella meneghiniana
Cymbella minuta var. silesiaca
Diatoma vulgare

Eunotia sp.

Fragilaria leptostauron

F. vaucheriae

Gomphonema anqustatum

G. olivaceum

G. parvulum

G. subclavatum var. commutatum
Hannaea arcus

Navicula atomus

canalis

cryptocephala var. veneta
heufleri var. heufleri
lanceolata
minima

minuscula

notha

pelliculosa

secreta var. apiculata
Nitzschia sp.

N. communis

N. dissipata var. dissipata

ZI_Z_!?:E'ZI'ZI-ZI.ZI.ZI.Z

<1}

44
<1

<1

28

<1

<1

10

11
35

25

W
Lol SV I S =20

15 31

<1l

<1

15

-9
B o

18

<1

<1

<1
<1

[ ) ol

b W



{

| S

8T-¢

9¥900000-N

M N N M Eh Ny e N s e e
— | E—— s [E—— [V - H 2 - i

e

TABLE 3-6 (CONTINUED)

T

b
o

Station

la

3

. dissipata var. ?

fonticola
frustulum
hantzschiana

hungarica

inconspicua
linearis

microcephala
palea
paleacea

. romana ‘
oicosphenia curvata
Surirella sp.

S. angustata

5. ovalis

S. ovata

Synedra rumpens var.
S. ulna var. contracta

L3

»

zu?u;iZIZI?u?HZHZI;IZ

DIVISION CHLOROPHYTA

Chlorella sp.
Ulotrhix xp.

DIVISION CYANOPHYTA

N
Lyngbya sp.

. birgei
nana

. versicolor

I

Nns

W= o

25

60

10

[ S« ol w

ol S O -N

<1



TABLE 3-6 (CONTINUED)

Station _
Taxa - 1 la 2 3 -5 6 7
Oscillatoria amoena 24 65
0. limosa 15
0. nigra 53 20 2 5 5
0. sancta 35 30 65 55
0. temuis 25 18 30 25 6 35
Phormidium sp. 25 4 4 10 3
P. anqustissima <1
P. lucidum 6 5 S
No. of Taxa 22 18 9 22 25 33 22
Ash Free Dry Weight 0.4602 1.3093 0.0011 0.2292 0.1957 0.6460 0.4061

w <1 = less than 1 percent.

L¥800000-W



CONDUCTIMTY (umhos/cm)

DISSOLVED OXYGEN (mg/L)

1 1a 2 3 5 6 7
STATION

Figure 3—4. Dissolved Oxygen (A), pH (B), and Electrical
Conductivity (C) Measured at Fach Station.

3-20 M-00000648



Chemical parameters measured in the laboratory are presented in
Table 3-7. Both TSS and TDS were lower at Stations 1 and 1la and then
increased to a fairly constant wvalue at the remaining stations. Both
total aikalinity and chloride changed notably only at Station 2, with
alkalinity decreasing to 58 mg/L and chloride increasing to 20 mg/L. The
average concentrations for alkalinity and chloride at the remaining
stations were 76 (+3.1) and 5.7 (+1.8), respectively.

Some metals, in both the suspended and dissolved forms, were measured
at consistently low levels at all stations. Those metals include cadmium,
lead, molybdenum, and barium. The concentration of suspended iron was
always higher than the concentration of dissolved iron, while the reverse
was true for manganese. While concentrations for most metals varied
across all stations, certain‘ values are especially noticeable.
Concentrations found at Station 1 were generally lower than any other
stations; this was especially true for aluminum where a concentration
0.70 mg/L. suspended Al is compared to higher (approximately 1.0)
concentrations at the remaining stations. A concentration of 2.50 mg/L of
suspended aluminum at Station 2 was considerably higher than at the other
stations. Dissolved manganese was also the highest at Station 2, with a
concentration of 0.72 mg/L.

3-21 ! M-0000064%9



TABLE 3-7
RESULTS OF ANALYSIS OF RED RIVER WATER SAMPLES
FOR VARIOUS PARAMETERS INCLUDING DISSOLVED AND SUSPENDED METALS!
pH Total :
Station (Lab) TSS TDS Alk.? ol cd Pb Fe Mn Mo Zn Cu Al Ba
sM? <.005 <.05 . 0.29 0.0 «<.02 0.01 <.01 0.70 <.5
1 8.10 9.0 210 78 4.0
pm3 0.005 <.05 0.05 0.15 <.02 0.04 0.02 <.5 <.5
SM <.005 <.05 0.39 0.01 <.02 0.03 0.01 0.80 <.5
la 7.90 8.0 172 70 3.0 :
DM 0.005 <.05 0.05 0.23 <.02 0.04 0.02 <.5 <.5
SM <.005 <.05 0.51 0.02 <.02 0.06 0.02 2,50 <.5
2 7.50 17.0 256 58 20.0
DM 0.005 <.05 0.04 0.72 <.02 0.12 0,02 <.5 <.5
[¥%]
5 SM _ <.005 <.05 0.54 0.02 <.02 - 0.07 0.02 1.80 <.5
83 7.40 16.0 256 77 5.0
DM 0.005 <.05 0.09 0.54 <.02 0.07 0.02 1,00 <.5
SM <.005 <.05 0.37 0.02 <.02 0.05 0.61 1.20 <.5
5 7.50 17.0 252 74 8.0
DM 0.005 <.05 0.04 0.33 <.02 0.05 0.02 1.00 <.5
SM <.005 <.05 0.60 0.03 <.02 0.07 0.02 1.70 <.5
6 7.70  10.0 243 78 7.0
DM 0.005 <.05 0,05 0.47 <.02 0.06 0.02 1.00 <.5
SM <.005 <.05 0.50 0.05 <.02 0.04 0.01 1.00 <.5
7 7.70  10.0 227 79 7.0
DM 0.005 <.05 0.05 0.24 <.,02 0.03 0.02 1.00 <.5

05900000-W

12411 values are mg/1 (ppm).
) 2Alkalinity as mg/1 CacCo,. .
. 'For metals, SM = Suspended Metals; DM = Dissolved Metals.
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4.0 DISCUSSION

4.1 Benthic Macroinvertebrates

A comparigon of the data presented in this report with that collected
by Pennak in previous years is difficult because of the lack of detailed
data in the latter. Certain dominant taxa tabulated by Pennak (1983),
such as Baetis, Brachycentrus, Hydropsyche, and Atherix were also found in
this study. Pennak (1983) did report dry weight of the benthic organisms
as grams/m’. Although there was considerably variation over the study
Years, he found that the greatest minimum value was at Station 6, which
also produced the greatest dry weight in the current study. The studies
completed by the Environmental Improvement Division of the State of New
Mexico were much more thorough in their analysis of the benthic data. |
Smolka and Jacobi (1986) reported data from several sampling sites on the
Red River located from above the town of Red River to below the Red River
Fish Hatchery. As in ENSR’s study, there appeared to be a general shift
in species composition moving from the upstream stations to the downstream
stations. At their Station HRG27 (STORET designation), Hydropsyche sp.
was found at a density of 1294 organisms/m’ which is over 63 percent of
the total, while at HRG22 and HRG23.3 (both of which are upstream of any
ENSR station) no specimens of Hydropsyche sp. were found. Similarly,
HRG27, which is located very near ENSR Station 6, had virtually the same
BCI - 97.9 - as Station 6 - 99.50.

In terms of benthic community, therefore, there appears to be a
definite longitudinal trend in community structure within the Red River; a
trend that is supported by historical data. Part of this trend is
probably due to natural and expected changes in any lotic system moving
from a low order stream (headwaters) to a high order stream. For example,
filter-feeding caddisflies,'like Hydropsyche sp. would increase in density
downstream as the concentration of organic material in the water column
increases. Conversely, some mayflies and stoneflies are shredders and
would tend to proportionally decrease downstream as the concentration of
large allochthonous (leaves, etc.) material decreases. It is also

possible that some changes in benthic community characteristics, including
the apparent decrease in community quality, may be due, in part, to human

4-1 M-00000651


file:///rfiile
file:///rfiich

;mu e

R -
{st e S —]

influences. There does not appear, however, to be any influence from
Molycorp’s mining and milling operation. Station la, below the operation,
was very similar to Station 1, which is above the operation.

4,2 Periphvton

The collection of periphyton was much more qualitative than the
collection of benthos. A great deal of among-sample variation is

‘therefore explainable simply be collection differences and selection of a

site for scraping a sample. Pennak (1983) provides no species list of
algae that were identified and organic matter weight is expressed as
milligrams per 5-minute sampling period, making it impossible to compare
data directly. What is interesting to note, however, is that the weight
of periphyton samples collected by Pennak at Station 2 was typically low
or the lowest of any of the stations. This corresponds to the current
study where the AFDW was the lowest at Station 2.

Despite the difficulties in periphyton data comparison, it appears
that the highest primary production, based upon biomass, is occﬁrring at
Station 6. Smolka and Jacobi (1986) reported increasing total phosphorus
levels going downstream, with the highest levels existing just above and
just below the fish'hatéhery. The increase were probably not due to the
city of Questa since concentrations were elevated upstream as well as
downstream of Questa. Nor is it likely that contributions were coming
from the fish hatchery since levels of phosphorus were high above as well
as below the hatchery. It is possible that nonpoint-source runoff may be
contributing to the increase. The higher phosphorus levels probably
contribute to higher primary production in the river, although it is not
known what proportion of the total phosphorus is actually bicavailable.

4.3 Chemical Parameters

It is possible to compare some of the water chemistry information
collected by ENSR to the STORET data tabulated in Smolka and Jacobi
{1986). HRG27 and HRG24 on the Red River correspond closely to Stations 6
and 4, respectively. Seven metals from STORET data presented by Smolka
and Jacobi (1986) are also presented in this report; those are: barium,
cadmium, lead, copper, zinc, manganese, and molybdenum (Table 4-1). The
STORET values are averages of several sampling dates in 1984 and 1985.
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COMPARISON OF STORET AND ENSR DATA ON SEVEN METALS!

TABLE 4-1

STORET STORET

Metal HRG24 Station 2 HRG27 Station 6
Ba 0.1? <1.0 0.1 <1.0

cd 0.001 <0.010 0.001. <0.010
Pb 0.009 0.1 0.01 <0.1

Cu 0.063 0.04 0.050 0.04
n Q.218 0.18 e.11 0.13
Mn 0.610 0.74 0.560 0.50
Moly 0.010 <0.04 0.022 <0.04

1 STORET values are total metals; ENSR values were derived by combining

suspended and dissolved forms.
?All concentrations are in mg/1.

4-3
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With four metals, the concentration is less than the detection limit.
Therefore, the ENSR values may, in fact, be as low as the STORET data.
For the additional three metals, the ENSR values are near or below the
STORET concentrations.

In both the STORET data and the ENSR data there is a distinct change
in the chemical characteristics of the Red River in the vicinity of
Station 2. Metals concentrations {e.g., aluminum) increase as do solids
{(both TDS and TSS). At Station 2, particularly, alkalinity and chloride
decrease. The decrease in alkalinity is of particular concern since the
toxicity of several metals, including cadmium, increase at lower
alkalinities,

It is probable that the river, between sStations la and 2, is
receiving nonpoint input directly from surface runoff, or as a result of
groundwater Seepage, which may accumulate metals during passage through
soil and bedrock. Although the number of benthic and periphyton taxa was
lowest at Station 2, it is not known whether the change in water chemistry
contributed to this low diyersity; however, the possibility of impact on
the biological community does exist. Because of the high concentration of
metals in the watershed, the change in water chemistry found in the Red

River may be a result of natural infiltration, human-induced impacts, or a
combination of both.
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5.0 SUMMARY

Results of this study indicate that there is a distinct and
significant change in the benthic commnity along the length of the Red
River. This change is probably a result of natural community variation as
well as changes in water chemistry that could be affecting populations.
The changes do not appear to be catastrophic and érobably do not affect
river productivity, beyond that which would be expected under natural
conditions. It is not possible, however, to determine the magnitude of
any impact from changes in water chemistry. Nor is it possible to
ascertain whether changes in water chemistry are due to natural watershed
soil chemistry or to human activities. 1In general, considering dissolved
oxygen, pH, conductivity, and other basic parameters, as well as some

benthic indicators, the overall water quality of the Red'River appears to
be good.
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® Office:
CPPr Pinkerton i
Supervisor's Accident Investigation Report Location Number:
) Address:
Telephone:

{include Area Code)

1. 'Name of Injured: Age: Sex: Soc. Sec.
Home Address; Telephione:

. Date of Employment: Post Held: ' Dept. Length of Time at This Job:

Type of Accident: Slip___ Fall_ Sprain_ Strain____ Lifting_ Auto____ Firearms___ Other (exptain)

. Place of Accident: Date/Time: Client Site? (Yes or No)

(S - B

. What happened? Based on your investigalion, describe what took place:
6. i aulo accldant, has proper report been submitted in addition to this report? Il no, explain:

s
i
i
i
i
1
i
i
7. What Is the exient of the injury?
l 8. Has time been lost?
9, Was injured hospitalized?
l 10. Did injured receive prompt, proper medical care?
11. Name and address of physician and hospital:
i
i
i
i
i
1

12. Why did accident happen? (Get all the facts. Study the job, sludy the situation.) Be sure {o answer-questions: WHY - WHAT
- WHERE - WHEN - WHO - HOW

13. What should ba dane to aveid this type of accident in the future? Which ilems raquire attention?
EQUIPMENT CONDITION PEOPLE EXPLAIN:

Selection ... Client Site _________ irnproper

] tackof ________ Housekeeping ____..__ Placement
( Usage _____ Weather Training __

; Maintenance ________. Situation ____ Leadership __

14. What have you done thus far? Take or recommend action depending on aulhorily if client involved, what action taken?
Follow up: action taken?

¥

;

b

15. If accident was caused by hazardous or unsafe condition on client site, has the client been advised of the condition?
Has the condition been corrected? ‘

.

16. If not, has the client made a commitment o correcl the unsafe condition?

17. How will your actions improve operations? (Remember: the purpose of accident investigation is accident prevention.)

y‘upervlsor' Position: Date of Report:

Reviewed by:

Area Manager or Operations Manager (Date)
Note: All tost time injuries must be reviewed by area manager. Use additional sheets If necassary.

Form 110 {Rev. 3/88)
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5.0 Local Communities

5.1  Backaground Information

The Molycorp/Questa Mine operation is located in Taos County. The communities of Questa,
Taos, and Cerro are located within 30 miles of the Molycorp operation. ‘The county, as well as
this entire region, was historically dependent on smail scale agriculture as its chief source of
income. However, with a national movement toward large scale agricultural facilities and with
the advent of large-scale mechanized farming techniques, this sector has decreased its

contribution to the county economy. Tourist-related business is currently the major economic
activity and source of revenue in Taos County.

Population.

The population of Taos County is growing at an annual rate of approximately 2 percent. The
1990 Census estimated Taos County population at 23,118, an 18.8 percent increase over the
1980 population count (Taos County Economic Development Corporation [TCEDC] 1994). The
most recent available population estimate is for 1992 when the population was 24,228 (Brook
1994). This represents a 4.8 percent increase over the 1980 census count (Table 1). Of the

total population, approximately 25 percent reside in or near the towns of Taos and Questa
(TCEDC 1994).

Economy and Employment.

The most recently available estimates indicate that county employment numbers approximately
8,747 persons, The county has historically had a high unemployment rate, fluctuating between
15 and 25 percent (TCEDC, 1994). Employment in Taos County is dominated by the service and
retail trade sectors (See Table 2 and Figure 1). Together these sectors account for 64 percent of
employed persons over 16 years of age (Brook 1994). As tourist-reiated activities contribute to

the service sector in Taos County, many of the available jobs are service relaled in such
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industies as lodging, food, and entertainment. The government sector accounts for
approximately 18 percent of employed persons. Taos County employment is largely wage and
salary work, however approximately A7 percent consists of self-employed persons (TCEDC,

1994). The 1991 per capiia personai income was $14,063 and has been growing at an average
annual rate of 5.5 percent since 1986 (Brook 1994). '

Fiscal resources for Taos County are largely dependent on property tax revenue. -Taxable

valuation of county properties has increase by 18 percent over a three year period beginning in

1991. The 1993 taxable valuation was $308,111,937. Commercial properties are assessed a.

mill levy of $20 per $1000 of value, while residential properties are assessed $11 per $1000 of
value (Nichois 1994).

According to the 1990 Census, there were 12,020 housing units in Taos County. Of these,
approximately 8,752 are occupied by both renters and owners. There were approximately 3,268
vacant units. Of these, 371 were rental units and 137 were units for sale. Temporary housing,
such as hotel and motel units, vary in availability according to seasonal tourist fluctuations. The
average vacancy rate, however, is listed as 14.5 percent in Taos County (TCEDC 1884),

Taos County and its associated municipalities provide an array of public and private services and
facilities. These include heaith care, law enforcement, education, recreation, water and
wastewater services, gas and electric (USDI BLM 1888).
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Table 1

Recent Population Trends

Taos County
L oragso ¢ iiteee:
. (Census) - .. ¢ (Census):
Taos County 19,456 23,118
Percent Change - - 18.8 25 2.3
Town of Taos 5,369 4,065 - -
Questa Village - 1,699 - -

Source: Brook, K. - State Data Center 1994.

P e - =
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Table 2

Employment by Sector (1993)

Agriculture, Forestry, and Fish

Mining

Construction

Manufacturing

Transportation, Communication, and Utilities
Wholesale Trade

Retail Trade

Finance, Insurance, and Real Estate
Services

Government

41

375
328
256
139

2.207

358
3,379

Source: Brook, K. - State Data Center 1984,
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5.2 Effects of Current Mining Operations

Mining at the current site began in the 1920s. At its peak in 1985, the Molycorp/Questa Mine
operation employed over 800 persons. Due to the drop in world market prices for molybdenum,
the mine scaled down operations and employment from 1986 to 1892. In 1992, mining
operations were placed on stand-by status (Shoemaker 1994).

The current activities at the Molycorp/Questa Mine operation consist of administrative services,
maintenance, and environmental and reclamation work. Current operations employ
approximately 19 persons. Should mining operations eventually resume, employment would

increase to at least 220 persons (minimum aperating staff) with the potential full-operational staff
possibly reaching 800 persons.

Population.

Current mine operations have had no impact on the County's population or demographics. If
operations at the mine are resumed, an increase in County population of not more than 1 to 3
percent (depending on actual hires) can be expected. This potential population increase would
be reduced to the extent that Molycorp is able to hire local residents to fill job openings.

Economy and Employment.

Mining employment in Tacs County in 1993 consisted of 77 jobs, accounting for approximétely
one percent of total employment. Cument operations at the Molycorp/Questa mine provide
approximately 19 of those jobs. If operations are eventually resumed, an increase to 220
employees at the Molycorp mine would increase mining employment to 4 percent of total
employment in the county and an increase to 800 employees would increase mining sector
employment to 12 percent of total county employment. Resumption of mining at the
Molycorp/Questa mine would serve to decrease unemployment in Taos County. The amount of

this decrease would depend on the necessary skilis required by mine employers and the
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availability of these skills in the local population.

Current average annual wage for mining staff at the Molycorp mine is approximately $510,000
plus benefits, more than twice the income per capita for the county. The current average

monthly payroil (summer months) is approximately $74,000. These wages are largely spent on
 local goods and services in those communities where mine empioyees reside (primarily Questa
and Taos). If operations are eventually resumed the monthly payroll could increase to as much
as $1.83 million (average monthly payroll in 1985) (Santistevan 1954).

Current operating expenditures are approximately $4,000,000 annually. These expenditures are
made to local, state, and out-of-state suppliers and contractors. Depending on the goods and
services purchased, these expenditures generate sales and use taxes. In 1993, such
expenditures generated approximately $65,000 in sales and gross receipts taxes. These taxes
are paid to federal, state, and local governments. |f the mine eventually resumes operation,
expenditures could increase to as much as $68 million annually (1985 total expenditures),
dramatically increasing potential tax revenues (Santistevan 1994).

Current mine operations generated approximately $27,000 in county property taxes in 1993.
These taxes are currently paid on the depreciated value of equipment. If operations resume,
taxes would be paid on equipment and mining activity. In 1985, at full operation, Molycorp paid
over $400,000 in county property taxes (Santistevan 1994).

Community Services.

Current operations have litlle effect on local community services. If mining operations are
eventually resumed, there would be some in-migration of persons due to mining employment and
skill requirements. Given the current level of services and the availability of housing, adverse
impacts to community services are not anticipated.
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6.0 Wildlife and Wildlife Habitat

6.1  Backaround Information

The Molycorp/Questa Mine operation includes the mine and mill facilities, tailings siurry pipelines,
and tailings ponds. The mine and mill are located in mixed conifer forest on the western slope of
the Taos Range of the Sangre de Cristo Mountains approximately 5 miles east of the Village of
Questa. The tailings slurry pipelines run from the milling operation along riparian habitats
associated with the Red River from the mill to the tailings ponds, and the tailings ponds are
located adjacent to sagebrush and grassland habitats approximately 1/2 mile to the west of
Questa. Figure 1 provides a general location map of the Molycorp operation. The general area
of the mining operation ranges from over 10,000 feet in elevation at portions of the mine to less

than 8,000 feet at the tailings facilities. A variety of mammals, birds, reptiles and amphibians are
associated with the mining operation area.

Mammals.

Game animais or furbearers that may typically use the mine area or adjacent habitats include

mule deer, elk, black bear, mountain lion, bobcat, coyote, gray fox, raccoon, ringtail, and
cottontail.

Mule deer occur year-round throughout most of the operations area with popuiations considered
to be stable. Annual aerial survey data collected by the New Mexico Game and Fish Department
(NMGF) showed observations in Hunt Unit 53 of 188, 226, and 194 mule deer during the winter
census of 1992, 1993, and 1994, respectively. Hunt Unit 53 includes the Moiycorp Mine and
much of the forest lands in the Taos Range. The State of New Mexico has not mapped any
specific big game ranges in the mining operations area (Catanach 1994) nor has the U.S. Forest
Service, Carson National Forest (USFS) according to Long (1894). Both agencies report that
mule deer regularly use the mine site and adjacent habitats with winter, spring, fall use of the
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south-facing slopes near the mine. Mule deer may also use habitats near, and particularly west
of, the tailings ponds.

Elk are also present in the mine area.- USFS biologists and Molycorp personne! report that elk
are reguiarly seen on the mine property (Kuykendall 1984). Annuai aerial survey data collected
- by NMGF showed observations in Hunt Unit 53 of 96, 116, and 107 elk during the winter census
of 1992, 1993, and 1994, respectively. No specific elk ranges have been mapped by either

NMGF or USFS (Catanach 1894, Long 1994), but use patterns generally parailel mule deer with
elk more tolerant of greater snow depth.

Bobcat, coyote, gray fox, raccoon, and ringtail are all found within the mine operations area. The
coyote is thought {0 be the most common of these and is found throughout the area, and the
raccoon would be expected along the Red River. Black bear and mountain lion accur in limited

numbers in the mountainous areas near the mine and have aiso been reported just west of the
tailings facilities near Guadalupe Mountain (USDI BLM 1987).

Numerous small mammals may also inhabit the mine area. Productivity of these species varies
from year to year. Small, non-game mammals on or near the mine or tailings area include such
species as the white-tailed jackrabbit, Ord’s kangaroo rat, deer mouse, and least chipmunk.

Birds.

The high elevation mixed conifers, ponderosa pine woodlands, riparian systems, and
sagebrush/grassiands support a broad diversity of both nesting and migrant bird species.
Kennedy and Stahlecker (1986) recorded 133 avian species in studies conducted near the
tailings facilities. Additional bird species occur in the mine area (USDI BLM 1988). Upland game
birds include Merriam’s turkey, blue grouse, scaled quail, and mouming dove. Waterfowl and
shorebirds use the Red River as well as the tailings impodndment with typical nesting species
including the mallard and common merganser. Raptors are found throughout the area and are
represented by species such as the red-tailed hawk, American kestrei, great-hormed owl, and
saw-whet owl. Threatened or endangered species are discussed later.
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Fisheries.

Fisheries resources in the project area are found in the Red River. The Red River lies in the Rio
Grande watershed in northemn New Mexico with headwaters in the Sangre de Cristo Mountains at
~ an elevation of 12,500 feet. The East and Middle forks of the Red River merge to form the main
channel approximately 6 miles upstream of the town of Red River at an elevation of 9,400 feet.
From that point, the river flows in a westerly direction for approximately 27 miles, eventually
emptying into the Rio Grande at an elevation of 6,500 feet. The river flows adjacent to the-
Molycorp Mine and Mill approximately 6 miles below the town of Red River and 21 miles above
its confluence with the Rio Grande. Figure 1 shows that the Red River canyon forms the
southern boundary of the Molycorp Mine and Mill complex. The drainage area of the Red River

is approximately 190 square miles with an average annual discharge of 34.5 cubic feet per
second (cfs) (Smolka and Jacobi 1986).

There are reproducing populations of cutthroat, brook, and brown trout inhabiting the river's
upper reaches above the town of Red River. A reproducing brown trout population provides a
high quality fishery in the rivers lower reach. Rainbow trout are stocked annually in the middle
reaches of the River by the Town of Red River and by the New Mexico Game and Fish
Department (Smolka and Jacobi 1986). The middle reaches of the river between the towns of
Red River and Questa have been characterized as having poor potential for trout reproduction;
this is thought to be related to both a paucity of available macroinvertebrates for trout prey and to
limited availability spawning substrates (Smolka and Tague 1987).

Effects of Current Mining Operations

Fisheries resources in the Red River are not being affected by the current mining operations.
Limitations in fisheries habitat in the middle reaches of the river are thought to be due to naturai
processes acting on the extensive hydrothermal scarring occurring along this segment of the
river, some of which were incorporated into the historic surface mining area of the Moiycorp

Mine. Observation made during a thunderstorm runoff event by Smolka and Tague (1987) show

M-00000669



Molycorp - Hining Operation Site Assessment

that flooding of these geothermal scars and other erodible soils substantially increase turbidity
and the presence of many minerals and metals while lowering the pH from slightly basic to very
acidic (8.1 to 3.8) This may resuit in periodic toxicity, and downstream, these materials may

precipitate out to armor the channel and limit spawning substrate (see Water Resources
Section).

Amphibians and Reptiles.

Amphibians and reptiles found in the area include the western spadefoot toad, leopard frog,
collard lizard, great plains skink, builsnake, and prairie rattlesnake.

Threatened or Endangered Species.

Threatened or endangered species associated with the mine area include the bald eagle,
American peregrine faicon, and whooping crane. The bald eagle is both federal and state-listed
as endangered. Wintering bald eagles are known from the upper Rio Grande Gorge to the west
of the tailings ponds and may occasionally use Red River habitats as well. Likewise, the
peregrine falcon and whooping crane are also both federal and state-listed. An active peregrine
aerie is located within the region. The whooping crane may potentially pass through the project
area during migration but use of habitats on or adjacent to the mining operation is not expected.
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6.2 Effects of Current Mining Operations

Current mining operations are not substantiaily affecting wildlife or wildlife habitat. The current
~ activities at the Molycorp/Questa Mine operation consist of administrative services, maintenance,
and environmental and reclamation work and employs approximately 19 persons.

No additional surface disturbance to the mine is occurring at this time. Physical work on the -
mine property consisis primarily of road maintenance, drainage control, and limited reclamation
plantings in conjunction with revegetation studies. Natural revegetation is occurring slowly on
certain microciimates within the historic mining area. Wildlife reguiarly use the mine and
adjacent habitats. There have been numerous observations of elk and deer on the mine and in
the area surrounding the Administration Building (Shoemaker 1894). A site visit during April
1994 showed established big game trails across portions of the mine and evidence of substantial
big game use in undisturbed habitats nearby.

Because the mine and mill are not operational, there is currently no concem over a break or leak
in the tailings lines along the Red River canyon. Molycorp plans to use the lines during the
summer months to provide water to the tailings ponds for dust control as necessary.

The tailings ponds west of Questa are approximately 85 percent capped during this closure
period to control dust. A portion of this area has also been revegetated to further aid in the
control of wind-generated dust. Water is regularly applied to the uncapped portion of the ponds
as needed. There is limited bird and other wildlife use of the tailings ponds area.
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AQUATIC ECOSYSTEMS OF RED RIVER

INTRODUCTION

In 19771 the writer worked on the aquatic eco]qu of themRed River,
New Mexico, with special reference to the effects;bf & large settling
pond outflow tributary and with special Eeference to baseline conditions
at that time. During the past five years the Molybdenum Corporation of
America has continued its operations in the Questa area. The Sett]ing
pond has been deepened, and since Apfi] 9, 1975, there have been at)1east
eight instances of hroken and leaking pipes which allowed the finely
particulate mill waste to enter the Red River below fhe mining and
processing area.

SCOPE, METHODS, AND MATERIALS

In October, 1976, the writer did a repea%?fie1d‘study in order f;
determine what effects these incidents have had on the Red River aquééic
ecosystem. For the most part, the 1976 methods and data duplicated those
.of 1971. In addition to the five field stations covered in 1971, howe&er,
a sixth station (just above Goat Hill Campground) was included aé an
additional check because most of the pipeline leaks occurred very near

this point.

~ *Pennak, R. W. 1972. Limnological conditions in the Red River,
New Mexico, during the open season of 1971, with special reference to
the effects of a large settling pond tributary. 28 pp. Rocky Mountain
Center on Environment, Denver, Colorado.

I4
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Thus, the six stations are:

East of-Questa
Station 1 - Red River above the eastern Molycorp property line.
Station 1A - Red River just above Goat Hill Campground (new).
Station 2

Red River just above Eagle Rock Campground.

West of Questa

Station 3 - Red River 50 m above the Pope Creek jn]gt.

Statioﬁ 4 - Pope Creek 50 m above its entrance into Red River.
This is the settling pond effldent.

Station 5 -

Red River 200 m above the State Fish Hatchery
RESULTS AND RTSCUSSION '

Detailed results of the physical conditions are shown in Table 7.
Températures in the two years were remarkably similar; tﬂe temperature-
controlled biotic conditions were nearly identical for both sampling.
periods. :
Turbidity, however, was quite another matter. In 1971 all stations
.except #1 had moderate to extreme turbidity, but in 1976 turbidity was
negligible at all stations.

Suspended organic matter was much lower in 1976 than iﬁ 1971. These
figures are all within "normal" expectations, and so long as suspended
organic matter remains below 30 or 40 mg rer liter there is no méasurable
bioTogical effects.

As might be expected, the two years differed widely in their suspended
loads of inorganic matter. 1In 1976 there were negligible quantitigs at
all stations,'but in 1971 the load ranged from heavy at Station 2 to

1ight downstream at Station 5 (the result of a burst tailings pipe above

Station 2 on the previous day).

T T T

M-00000680



Table 1. Physical Conditions.

Mg Ma

per liter per liter

Suspended Suspended

: Organic Inorganic

Temperature Turbidity Matter _ Matter

Station 1971 1976 1971 1976 1971 1976.- 1971 1976

1 11.0 10.8 tr  light 5.4 ‘ 28.9 7.4

1A 10.0 1ight ~ 6.4
[w=]

2 10.2 9.8 extreme* light 5.0 5 150.4*% 11.7
<
4=

3 7.0 8.0 extreme* light 8.4 “ 81.6 4.8
. [%43
[« H]

4§ 11.2 12.0 60 tr 7.4 ~ 83.3 2.2

5 9.8  10.6 60 light 5.0 © 1.3 4.7

* - Burst tailings pipe one mile below plant grossly polluted the Red River -the
previous afternoon.
In comparing the stream substrates in the two years, there was much
less fine (compacted) silt between pieces of_fubble in 1976 than in ]9}1.
In 1976 most of the silt was confined to a strip of bottom about 1 to 2 m
wide along each shore at stations 1A, 2, and 3. In time, this residual
silt should s]owly.disappear by washing downstream.

Chemical Conditions

Detailed results of the chemical conditions are shown in Table 2.
With few exceptions, chemical conditions were similar for the two sampling
periods. Dissolved oxygen and free CO, were always near saturation. Bound
€0, pH, dissoived organic matter, and dissolved inorganic matter were |
closely paraliel. The only important exception was the dissolved inorganic
matter determination of Pope Creek water where the residue was 1176.1 mg per

liter in 1976. This is roughly nine times as high as the 1971 figure,

S
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Table 2. Chemical Conditions

- Dissolved Dissolved
Dissolved Free Bound ‘ ©organic inorganic
oxygen C0» CO2 pH matter - matter

Station 1971 1976 1971 1976 1971 1976 1971 1976 - 1971 1976 . 1971 1976
i 104.0 102.2 1.7 - 1.9 39.0 32.9 8.1 7.7. 35.8 37.4 89.8 98.9
1A 108.5 2.0 34.6 7.7 47.6 138.0
2 109.6 101.7 2.0 2.7 37.0 - 3.0 7.7 7.5 42.7 _ 114.0
3 107.7 101.0 2.5 2.3  42.0 42.3 7.6 7.6 57.9 165.2
4 102.2 103.7 2.5 2.4 31.0 25.6 7.7 1.7 - 132.6 _ 1176.1
5 111.6  112.2 2.4 2.0 38.5 4Q.0 8.1 7.7 71.9 92.8 288.3 371.4
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and the question remains which jon(s) are contributing to this total.
Undoubtedly, much of the 132.6 mg per 1{ter of dissolved organic matter
for this sample represents loss of additional inorganic materials during
ignition of the sample. Because of dilution with Red River_water, the
lowermost station (#5) had only 29% more dissoTvéd inorgan%c material in
1976 than in 1971. Based on what is known, this increase has had no
biological 1mp§ct (other than increasing the productivity of Station 5).

Bottom Fauna

Detailed results of the bottom fauna conditions are shown in Table 3.
In general, majf]ies,,especial]y Rhithrogena, are an indicator of good water
quality, and it should be pcinted cut that this genus as well as the others

lwere considerably more abundant in 1976 than in 1871.

Caddis larvae show a classical situation. Note that Arctopsyche
essentially "replaced" de?opsgche. Although both of these genera are
common in the western mountain and foothills streams, Arctopsyche
ordinarily is found in cleaner water than Hydropsyche. Thus, we have here
a biological indicatbr of "cleaner" water in 1976 than in 1971.

Stonefly nymphs were nearly always more abundant in 1976 than in

© 1971, with the same species being'found'in both years. No stonefly nymphs
were found in Pope Creek in either year, and very few were found at stations
3 and 5. This situation is difficult to explain, except to say that tnere
are ﬁany unpolluted areas in western mountain streams from which stonefly
nymphs'are also ﬁnaccountab]y absent. It is possible that there is some
unknowq biotic or chemical factor responsible for this situation.

In general, the Red River area is characterized by relatively few

species (low species diversity). In the eastern states, this situation

. M-00000683
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Table 3. Bottom fauna composition in the Red River, October 8-9, 1971 and
October 5-6, 1976. Ephemeroptera (mayfly) nymphs per square meter.

) Rhithrogena Ephemerella doddsi Ephemerella Baetis spp. small spp.
Station 1971 1976 1971 1976 1971 1976 1971 1976 1971 1976
1 0 193.5 0 6.5 4.2 43.0 8.4 17.2 0 8.6
1A - 2279 - 4.3 - 36.6 - 161.3 - 0
2 8.4 83.9 0 0 16.8 19.4 -63.0 4.3 0 2.2
3 16.8  51.6 0 0 4.2 0 46.4  90.3 0 4.3
4 0 0 0 0 0 0 0 4.3 0 0
5 g 0 .12.9 0 0 0 129.0 0. 17.2 0 0
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Table 3. (continued).

Brachycentrus

americanus
1971 1976
8.4 15.1
- 0
46.4 6.5
54.6 163.4
_0 0
75.6  77.4

Data for Trichoptera (caddis) larvae.

Hydropsyche Arctopsyche

1971 1976 1971 1976
o o0 8.4 236.5

- 0 - 249.4

0 0 0 15.1

4,2 0 4.2 322.5

92.4 0 0 55.9

294.0 0 0 223.6

Rhyacophila

1971

0

0
0
0
0

1976
0
0
2.2
8.6
0
0
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Table 3 (continued). Data for Plecoptera (stonefly)} nymphs.

Pteronarcella
1971 1976
0 38.7
- 60.2
8.4 19.4
14.7 4.3
0 0
0 17.2 -

Pteronarcella
1971 1976
0 12.9
- 17.2
0 10.8
0 0
0 0
0 0

Arcynopteryx
1971 1976
0 0

- 2.2
2.1 2.2
0 0
0 0
0 0

small spp.

1971 1976
0 0

- 2.2

0 2.2

0 17.2

0 0
o 0



would bé cause for alarm and an indication of (1light) pollution: In the
West, however, we commonly find low species diversity, even in the most
pristine mountain streams*. | ‘

Table 4 is a summary of the density of the bottoh fauna in the two
years, taken group by group. A]most every pair of 1971-1976 fjgures shows
an increase in density in the latter year, and for this reason it is
obvious that the data are highly signiffcant, even without statistical
treatment. The "Diptera" data are not broken down by genus. 1t includes
a few blackfly larvae and many different kinds of chironomid larvae.
Similarly, the “miscellaneous" column includes a variety of small inverte-
brates such as planarians, beetle larvae, nydracarina, etc. Neither the
Diptera nor the miscellaneous groups show anything significant in the way
of population trends.

Table 5 is a summary of the standing crop for the October Samp]es at
all six stations for the two years. In terms of organisms per square meter,
there has been a remarkable increaée at all stations by 1976. In terms of
grams per square meter, stations 2 and 5 shﬁw decreases, but these are not
especially significant.decreases since they involve differences of only
about 50%, and such variations may be found regularly in random sampling.

Molycorp prbvided the writer with a small amount of Red River bottom
fauna data gathered by Cuplin and Herkenhoff of the Bureau of Land Management.
Their sampling was done at the Goat Hill Campground on March 26, 1976 and at
what is equivalent to_this study's Station 5 on March 26 and on June 30, 1976.

These data were taken during a completely different time of the year, and

*Pennak, R. W. 1977 {in press). Trophic variables in Rocky Mountain
trout streams. Arch. Hydrobiol. (about 20 pages).
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Table 4. Summary of density of bottom fauna, organisms per square meter.

Ephemeroptera
1971 1976
12.6 268.8
- 430.1
88.2 © 109.8
67.4 156.2
4,2 4.3
67.2 159.1

Trichoptera

1971
16.8
48.5
63.0
92.4

369.6

1976
251.6
294.4
23.8
492.5
55.9

301.0

Plecoptera

1971
0

10.5
16.8

8.4

1976
41.6
81.8
34.6
21.5
0
17.2

Diptera miscellaneous
1971 1976 1971 1976
0 0 0 0
- ‘2.2 - 0
21. 0 0 2.2
0' 60.2 0 34.4
50.4 120.4 ¢ 21.5
33.6 81.7 0 73.1

oL~



they cannot possibly be compared with this study's October dafa because

of the seasonal variations in abundance of essentially every boétom fauna
group found in the Red River. One comparison is possible, however; with
the original 1971 report. On June 24,.1971 at Station 5 the prigina] study
found a standing crop of 478.8 organisms per square meter. - Cuplin and
Herkenhoff foﬁnd 215.2 organisms per square meter on June 30, 1976. It is

difficult to say whether these two figures have any statistical significance.

Table 5. Summary of standing crop (biomass).

Organisms per sq. meter Grams per sq. meter
Station 1971 1976 15871 1976
1 29.4 562.0 0.8 6.0
1A - 763.5 - 6.5
2 149.3 170.4 3.6 . 1.4
3 147.2 764.8 2.1 6.6
4 147.0 | 202.1 2.9 3.3 .
5 478.8 632.1 0.9 5.8

It is especially notable that the bottom fauna community of the Red
River has persisted and maintained itself in spite of eight instances of
tailings poliution below the mine caused by cracked tailings pipes between
April 9, 1975 and June 26, 1976*. Even allowing for "normal" population
variations from time to time, the data, taken collectively, for the six
stations in Tables III, IV, and V show a richer population than was found
in October five years ago. The Red River now compares well with other

mid-elevation trout streams in the Rocky Mountain area**.

*[ etter from Obby Davidson, July, 1976

**Pennak, 1977, op cit.
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Lithophyton

The microscopic composition of the lithophyton (pgriphyton) was
essentially the same for both years at five stations, that is 50 to
99.5% detritus, with 1iving material being almost entirely complicated
- diatom conmunities. At Pope Creek (Station 4), However, the situation was
somewhat different. The rocks were partially covered with a growth of fija-
mentous green algae, chiefly Cladophora, with small amounts of diatoms and
Ulothrix. Only 5% of the 1ithophyton consisted of detritus. In 1971,

the Tithophyton was 20% detritus, 80% Cladophora, and a few scattered diatoms.

The special lithophyton community of Pope Creek may well be a- pioneer _
situation that does not have an opportunity to_develop.into the kind of |
community found at the other five stations, especially since Pope Creek
carries clear water and is often dry (as it was most recently between
March and May, 1976).

The standing crops of organic matter in the 1ithophton for October
in the two years are compared in Table 6. At all stations there were
markedly greater quantites of this aquatic insect food material in 1976.
Thus, the Red River presents no special problem in aquatic productivity.
Presently there is a good standing crop of aquatic insects and an abundance
of food material for these organi%ms. This study found no evidence that
there have been "toxic" or suffocation" effects during the past months.

As is the normal case after turbid heavy spring runoffs, the recovery

has been rapid and complete. -

—
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Table 6. Comparison of standing crops of lithophyton in October of 1971
and 1976. Expressed as mg organic matter per five-minute sampling

period.

Station ‘ 1971 1976
1 : 3.4 112.0
1A ‘ - R 318.8
2 12.8 38.3
3 - 494.2
4 149.8 185.8
5 39.1 360.9

Caution
Ordiﬁaf11y, one wuuld be sképtical'about the statistical reliability
of data taken on two days during only one month (October), but this skepticism
is tempered by the fact that biotic changes from 1971 to 1976 have been
consistent at all five stations.
CONCLUSIONS
The following conclusions can be offered on the basis of this study:
1. The Red River has maintained itself or has undergone rapid
recovery from incidents of tailings pollution since 1971.
2. Physical and chemical features of Red River water show either
no important changes, or improvement over the situation in October,
1971.
3. The bottom fauna (fish food) is now much richer than it was five
years ago.
4, The production of substrate organic matter (basic food for aquatic
insects) has become much richer than it was in 1971.
5. The load of dissolved inorganic matter in Pope Creek has increased

notably. This may be a seasonal event, or it may be related to

p—————— e e - —
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ore-processing. But has no noticeable effect on the biotic community downstream -

from the mouth of Pope Creek.
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INTRODUCTION
In 1971 the writer worked on the aquatic ecology of
the Red River, New Mexico, with special reference to the effects
of a large settling pond outflow tributary and with special
reference to baseline conditions at that time.** Sinée theﬁ,
there have been at least nine instances of broken and leaking
pipes which allowed the finely particulate mill waste to enter

the Red River below the mining and processing area.

In October 1976 the writer did a repeat field study in

‘order to determine what effects these incidents had on the

Red River aquatic ecosystems.* Another serious break in the waste
pipe occurred on 8 lMarch, about one mile above our Station 14,
and in response to a request from Molycorp, the writer did a
further field study (12 and 13 March) and laboratory study

(14 to 24 March) in order to assess the biological effects of the

accident.

Pennak, R. W. 1971. Limnological conditions in the Red River, New
Mexico, during the open season of 1971, with special reference
to the effects of a large settling pond tributary. 28 pp.

Pennak, R. W. 1976. Aquatic ecosystems of Red Rivef, New Mexico,
in October, 1976 - a comparison with conditions in October,
1971, 17 pp.
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The same six sampling stations and all of thersame
laboratory techniques were used in the 1977 reconnaissance as
were used in 1976 and 1971. Stations were as follows:

East of Questa
Station 1 - Red River above the eastern Molycorp property line.
Station 1A -~ Red River just above the Goat Hill Campground.
Station 2 -~ Red River Jjust above Eagle Rock Campground.
West of Questa
Station 3 - Red River 50 m above the Pope Creek inlet,
Station 4 - Pope Creek 50 m above its entrance into Red
River. This is the settling pond effluent.
Station 5 - Red River 200 m abov; the State Fish Hatchery.

In order to make our comparisons as significant as
possible, we are using data taken on the: following dates:

17 May 1971 |
8-9 Oct 1971

5-6 Oct 1976

12-13%3 Mar 1977

Thus we can compare the spring 1977 data with the
spring 1971 data, and we can also compare the spring 1977 data
with the only 1976 date (5-6 Oct) plus the parallel October
data for 1971.
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RESULTS AND DISCUSSION

Phvsical Conditions

Temperatures - PTaken routinely and these data show

nothing unusual.

Station May 1971 Oct 1971 Oct 1976 Mar 1977

1 5.5 11.0 10,8 2.0
1A 10.0 3.8
2 6.0 10.2 9.8 5.0
3 12,5 7.0 8.0 2.7
4 14.5 11.2 12.0 2.8
5 14.7 9.8 10.6 7.8

Visual turbidity - Data for 1977 show no important

residual effects of the slurry pollution four days previously.
Presumably nearly all of the smallest and lightest particulates
had previously been washed downstream.

Station May 1971_ Qct 1971 Oct 1976 Mar 1977

1l tr tr light tr
1A light light
2 tr extreme light light
3 tr extreme light light
4 tr 60 t light
5 " tr 60 light tr
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Gravimetric turbidity - Gravimetric determinations of

suspended organic and inorganic matter are far more accurate

than Jjudgement observations of turbidity, and these data are as

follows:
Suspended organic.,meg/l Suspended inorganic, mg/l
Station May Oct Oct Mar May Oct Oct Mar
1971 1971 1976 1977 1971 1971 1976 1977
1 0.8 S.4 _ 3.6 29.8 7.4 9.3
N o
1A o} O 6.4 48.3
5 g 50.4% 11 1.2
2 5.0 ﬁ ﬁ 150. . 7.? 71.
3 l7¢6 8.4 o 0 1706 8106 4.8 18-4
47} tn
4 15.8 7.4 % e 15.8. 8%.3 2.2 5.3
5 6.9 5.0 o st 6.9 21.3 4.7 8.9

*
Burst tailings pipe one mile below plant grossly poliuted
the stream on the previous afternoon,

A1l suspended organic determinations were ﬁell within
the limits occurring in natural, undisturbed systems. Suspended
inorganic material, however, was higher than normal at stations
1A apnd 2 in March, 1977. Presumably these are residual materials
derived from mill waste deposited on the bottom above Station 1lA.
Nevertheless, both of these figures are well below readings that
occur during and after heavy sﬁowers, when determinations commonly

exceed 200 mg/l.

(T T T T T T
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Stream bed mill waste - Mill waste silt accumulations were

much greater on the stream bed in 1977 (four days after the pipe
break) than in 1976 and 1971. At Station 1A (one mile below the
broken pipe) this silt covered almost all of the bottom (rubble
surfaces as well as interstices). But about 25% of the substrate
was obscured by growths of fllamentous algae, growing on top of
the deposited silt; this is an incredibly rapid recovery
phenomenon, to my knowledge heretofore unreported in the literature.

At. Station 2 (just above Eagle Rock Campground) about
4% of the substrate was covered with tailings, the remainder
being normal, clean rocks and rubble.

At stations %, 4, and 5, west of Questa, there was
little macroscopic physical evidence of tailings on the substrate,

It is our observation that only relatively coarse
(heavy) tailings particles (the consistency of sand) remained on
the substrate east of Questa. By a physical sorting process
essentially all of the finest particles were washed downstream
very quickly during and shortly éfter the broken waste pipe. By
the same token, the 1977 spring runoff and heavy showers should
soon scour the river bottom free of remaining mill waste on the
substrate at stations 1A and 2.

Chemical Conditions

Dissolved oxygen - All determinations in March, 1977,
were close to lOd% saturation. This is usual in rapid streams

having no organic pollutants.

h Free 992 - Always present in equilibrium concentrations

of 2 to 3 ppm, corresponding to the partial pressure of 002 in air.

e o — Ty
- .
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Bound 992 and hydrogen-ion concentration - All of these data

are typical for medium-hard streams, with normal seasonal variations.
The water becomes slightly harder as it passes from Station 1 to
-Station 5. This tendency holds for all flowages. The break in the

pipe in March, 1977, had no effect on the water hardness or pH.

ppm bound CO, | - PH
station  1g%1 157 1576 topr 1% 1971 1976 1977
1 29.0 39.0 32.0 29.7 7.5 8.1 7.7 7.5
1A 34.6 35,0 7.7 7.7
2 37.0 31.0 21.0 7.7 7.5 7.3
3 50.0 42.0 42.3 47.5 7.5 7.6 7.6 7.6
4 32.5 31.0 25.6 22.5 7.5 7.7 7.7 7.5
5 45,0 38.5 40.0 40.4 - 7.8 8.1 7.7 9.7

Dissolved materials - Quantities of dissolved organic

matter (loss on ignition) in the Red River were generally
similar and ﬁypical for all stations in the three different
years we have worked in the area. The following data for dissolved
inorganic matter, however, show considerable variations,
- - Mg/l dissolved inorganic matter

Station May 1971 OQc¢t 1971 Oct 1976 Mar 1977

1 11.0 89.8 98.9 116.2

14 1138.0 99.4

2 114.0 130.1

3 165.2 194.0

4 1176.1 265.0

5 26.2 288.3 371.4 455.,0
e
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Dissolved inorganic matter is largely dependent on
volume of flow, ~ the lower the flow the greater tﬁe load, and
all of the above data were derived at times of relatively low
flow. Also, downstream stations generally show progressively
higher loads. We cannot see that the 1977 data have any special
significance. The water at Station 5 contained more dissolved
materials than is_usual for wesiern mountain streams, but this
is biologically advantageous. We fail to see any effect'produced
by the pipe break. Note, however, that Pope Creek in 1977 had a
much lower salt load than in 1976.

Bottom Fauna

Before we began taking samples of the bottom fauna
(fish food) on 12 and 13 March 1977, we were highly skeptical, but
when we began working over the samples in the laboratory we were
truly amazed at the results.

The same abundance of genera and species was found
four days after the pipe break as were found in 1976 and 1971. They
represent a "clean-water assemblage, with typical dominant forms

as follows:

Ephemeroptera (mayfly nymphs) Plecoptera (stonefly nymphs)
Ephemerella Pteronarcys
E. doddsi . Isogenus
Rhithrogena Brachyptera
Baetis Diptera (fly larvae)
Trichoptera (caddis larvae) Atherix
Brachycentrus Chironomidae
Limnephilus Tipulidaé
Arctopsyche Coleoptera (beetles)
Rhyacophila Elmidae larvae
. Hydropsyche -

- —
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There is no evidence that the pipe break of March
1977 "eliminated" any species.

In discussing the bottom fauna, it must be borne in
mind that there are ordinarily wide season~to-season natural
variations in populations, and it is only general trends that are
significant, and not small differences in sets of data. Much of
the species~by~-species population irregularities may be avoided,
however, by simply adding together all of the various organisms
for each station on each of the selected four dates. Thus, the
last six lines in the following Table are of greatest significance.
On an overall basis, it should be pointed out that populations
generali& were much greater in 1976 and 1977 than on the two dates
in 1971, This is probably a significant trend whose causes remain
obscure., Note that Station 1 (above the Molycorp plant) had its
greatest population in 1976, and than in 1977 the poﬁulation
was only 20% as great. This item has no relation to the pollution
problem, but is shows how the density at a single station may vary
from month to month. The Station 1A population (below the pipe
break) was also reduced, by 74%, below the fall, 1976 population.
This reduction may or may not have been the result of the
pollution. At Station 2, on the other hand, (Eagle Rock Campground),
the population was much higher after the pollution in 1977 than
in the previous autumn. The same is true of the downstream stations
3 and 5 where the populations were about 200% greater in 1977
than in 1976. From the standpoint of the data in this brief study
(four days after the pollution), there is no evidence to show that

the mill waste had any serious effect on the density of the

'f"“" —_————— e
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bottom fauna. (Data for Pope Creek have little bearing on the

immediate problem. The populations density there is always low,
but as shown in our 1971 report, the water of Pope Creek has no
deleterious biological effect on the Red River, and may even have
a beneficial fertilizing action.) For comparative purposes we may
summarize the resﬁlts.for four critical sampling dates, expressed

as numbers of organisms per square meter:

f  Station May 1970 Oct 19721 Oct 1976 Mar 1977
v 1 50.4 12.6 268.8 537.4
o 14 430,1 103.2
o 2 2.1 88.2 109.8 8.6
5 5 59.9 67 .4 156.2 = 1255.6
< 4 0 4,2 4.3 0
S 5 84.0 67.2 159.1 1062.0
© 1 35.7 16.8 251.6 137.6
by 14 ' 294 .4 55.9
2 2 12.6 48.5 2%.8 21.5
& 3 220.0 63.0 492,5 464 4
g i 2.1 92.4 55.9 8.6
o 5 197. 369.6 301.0  395,7
—
) 1 0 0 41.6 6l4.7
& 14 81.8 34,4
s 2 14,7 10.5 34,6 7.4
e, 3 3.2 16.8 21.5 98.9
S 4 0 0 0 0
° 5 12.6 8.4 17.2 167.7
s
1 8.4 0 0 47.%
of 1A 2.2 1705
o 2 2.1 2.1 0 4,3%
£ '3 0 0 - 60,2 198.8
B 4 8.4 5044 120.4 0
A 5 4,2 33,6 81.7 249.3
1 94,5 29.4 562.0 . 112.0
1A 808,5 210.8
3 2 31.5 149, 3 168.2 554,7
& 3 283.1 147.2 750.4 2017.7
& A 10.5 147.0 180.6 8.6
5 298.2 478.8 559.0 1874.7

-
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A second method of assessing productivity of trout

streams is the measurement of the live weight (biomass) of the

bottom animals (as contrasted with numbers), and such data are
summarized below:
Grams of organisms per square meter

Station 1May 1971 Oct 1971  Oct 1976 Mar 1977

1 1.7 0.8 6.0 1.9
14 | | 6.5 4.5
2 2.9 3.6 1.4 7.8
3 7.1 2.1 6.6 17.%
4 0.1 2.9 3.3 0.1
5 10.9 10.9 5.8 51.6

Note that Station 1 (the "control") had only 1.7 g/ sq m in
1977 as contrasted with 6.0 g/ sq m in 1976, and a pobulation
more comparable with that of 1971. Station 1A in 1977 was down
30% from the autumn of 1976, and in view of the data for the
upstream Station 1 it is difficult to ascribe this decfease

to the pollution four days previously. Btations 2, 3, and 5
showed no evidence of pollution damage in 1977. Iﬁdeed, the
biomass showed almost fantastic increases over the other sets
of data. I wish we had many more Rocky Mountain trout streams
with the fish foed productivity of stations 3 and 5 éf the

Red River!

o - T T T T TN
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Lithophyton

The layer of organic material covering rocks and-
pebbles of a stream substrate is known as the "lithophyton."
Sometimes it is nothing more than a microscopically thin layer
of bacterial sline and unicellular algae. At other times it may
be masses of filamentous algae or a compact layer of algae and
detritus 1 to 5 mm thick. It is important, however, as a
fundamental food source for stream insects. The release of
polluting toxic or suffocative materials into streams is quickly
nanifested by marked changes, decreases, or disappearance of the
lithophyton, and it is therefore a feature which should be
rouﬁinely measured in‘all stream and river studies. It is now
known, however, that there is no direct relationship between the
lithophyton biomass and the aquatic insect biomass.,

The great portion of the lithophyton film ordinarily
consists of bits of inorganic material which is of no biological
importance. The organic (food) fraction, however, may be easily
determined in the laboratory, and such data are summarized below

Mg (dry weight) organic matter per S-minute
sampling period in the lithophyton

Station May 1971 Oct 1971 Oct 1976 Mar 1977

1 1.9 3.4 112.0 220.9
1A 318.8 1669.3
2 69.1 12.8 38.3 8.4
3 12.9 494 .2 333.1
4 5.0 149,8 185.8 2791 .4
5 4.6 39.1 %60.9 7119.0

e e e ——
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The periphyton crop at Station 1A, only one mile below

the pipe break, is remarkably high. It consisted of filamentous
algae growing on top of the particulate mill waste sediment in
the stream., YWe are at a loss to explain this extremely rapid
development of this micro-vegetation growth. |

‘Station 2 had its usual sparse lithophyton. The data
for all four dates at this station are "typical" for small Rocky
Mountain trout streams. Stations 3, 4, and 5, on the other hand,
had exceptionally dense growths of algae, and there is no evidence
of pollution damage here. Undoubtedly, the 1977 spring runoff in
the Réd River will scour the stream bed andrreduce the lithophyton at
all river stations.

COMMENT

Our experience with broken mill waste pipelines along
the Red River corroborates a generalization which we have ewvolved
as the result of many years of field, consultation, class, and

research work on streans:

Single, severe instances of turbidity pollution
have only a transient and temporary damaging
effect on the stream bottom biota. Such
occurrences are no more serious than a local
severe cloudburst or a heavy spring runoff. The
damage to the agquatic insect fauna is surprisingly

small, and the recovery of this fauna is remarkably
I‘apid °

]
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SUMMARY AND CONCLUSIONS

On 12 and 1% March 1977, just four days after a major
mill waste pipeiine break along the Red River, we did a stream
reconnaissance similar to those performed in 1971 and 1976, and
involving the same field stations. Our field and laboratory
conclusions are as follows: |

1, Temperature, dissolved oxygen, free QOE, visual turbidity,
pH, and bound CO2 were typical for this time of year. There were
no residual effects of the broken pipeline.

2, Suspended inorganic materials, determined gravimetrically,
showed higher than normal suspended loads at the first two
stations (only) below the broken pipeline site. They were,
however, well below spring runoff load levels.

3, At Station 1A (one mile below the pipeline bréak) almost
all of the substrate was covered by a layer of the most coarse
particles derived from the mill waste, but about 25% of the
substrate was already covered with a layer of filamentous algae
and some unicellular algae. At Station 2 (Just above Eagle Rock
Campground) about 40% of the substrate was covered with tailings,
the remainder being clean rocks and rubble. At stations %, 4, and
5 (west of Questa) there was little macroscopic evidence of
tailings. Spring runoff should everywhere scour the stream bed
free of tailings.

4, Quantities of dissolved inorganic matter showed no

departures from the usual low-water situation in mountain streams.

—— — e
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5. Qualitatively, the same stream bottom insects were found
in 1977 as were found in 1976 and 1971. It is a "clean-water"
assemblage. No species were locally eliminated or significantly
decreased. '

6. At Station 1A (Jjust above Goat Hill Campground) the
number of bottom insects decreased by 74% as compared with this
station in October 1976. 1t should also be pointed out, however,
that there was a similar decrgase at "control" Station 1 above
the Molycorp plant. Stations 2, 3, and 5 exhibited much more dense
insect populations in 1977 than in 1976.

7. Gravimetrically, the biomass results paralleled
population density data. :

8. Thus there is no evidence to show that the pipeline
break had ‘any harmful effectskon the bottom insect fauna. Indeed,
stations 2, 3, and 5 continue to be extremely high producers of
trout food.

9. In general, the March 1977 data showed exceptionally
high levels of organic food materials for insects on the stream
bottom. Only Station 2 (just above Eagle Rock campground) had
small quantities, in keeping with the normal situation in
mountain streams.

10. We found no evidence to show that the mill waste had

a suffocating effect on the algae of the stream substrate.

Ltk

Robert W, Pennak, Prof. Emeritus
EPO Biology

Univ. of Colorado

Boulder, Colo. 80309
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Molycorp, Inc.

Questa Division

P.O. Box 469

Questa, New Mexico 87556
Telephone: (505) 586-0212

uNOCAL
MOLYCORP

April 20, 1988

Ms. Susan Q. Foster

Executive Director -

Thorne Ecological Institute - S sbam «
9370 Manhattan Circle, Suite 104 D, (AN
Boulder, Colorado 80303 -

Dear AMs. Foster:

Per our telephone conversation earlier this month, I have enclosed copies
of studies of the Red River which have been done during previous years. If
your firm is able and interested in replicating this type of study, please
send me an estimate of the costs associated for our consideration.

Please call me at 505-586-0212 if you have any questions or if I can
furnish additional information.

Per Suaan Cester (¢
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RED RIVER, NEW MEXICO, AQUATIC ECOSYSTEMS: OCTOBER 1977 AS COMPARED

—_ - . e

WITH OCTOBER 1971 4ND OCTOBER 197
4

| ATTACHMENT
7.8

Report submitted to the
Molybdenum Corporation of America

by
Robert W. Pennak
EPC Biology

* University of Colorado
Boulder, Colo. 80309

11 November 1977
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INTRODUCTION "

.The writer has, up to now, done one long study and two
brief reconnaissance studies on the aquatic ecosystems of the
Red River,‘New Mexicé, for Molycorp*. The first emphasized the
bioclogical impact of the large settling pond at the head of Pope
Creek. The two reconnaissance visits emphasized the significance
of breaks in the mill waste pipelines just below the Molycorp
mining operations area. The present brief report is based on
observations along the river below the plant following heavy
road and excavating machinery operations at streamside coupled
with stream disturbances involved in the removal of streamside
trees and shrubbery. We also visited our sampling sites west of
Questa as further checks.

| The same sampling statibns and all of the same
laboratory techniques were used in the present reconnaissance
as were used in previous studies. Stations were as follows:

FEast of Questa:

Station 1 - Red River above the eastern Molycorp property line.

Station 1A - Red River Jjust above Goat Hill Campground.

Station 2 - Red River Just above Eagle Rock Campground.

1972. Limnological Conditions in the Red River, New lMexico,

During the Open Season of 1971, with Special Reference
to the Effects of a Large Settling Pond Tributary.

1976. Agquatic Ecosystems of Red River, New Mexico, in October,
1976 - A Comparison with Conditions in October, 1971.

1977. Red River, New Mexico, Aquatic Ecosystems: March, 1977
as Compared with 1971 and 1976.

)

e
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West of Questa:

~Station 3 - Red River 50 m above Pope Creek inlet.

(Btation 4 - Pope Creek 50 m above its effluent into the
Red River. The Creek bed was dry and had
obviously not carried water for a long time.
We assume that the large settling pond has been
deepened (énd eﬁlarged) to account for this lack
of runoff.)

Station 5 - Red River 200 m above the State Fish Hatchery.

In order to make our comparison as significant as
possible, we are using parallel data taken on the following dates:
8 - 9 October 1971 |
5 - 6 October 1976
19 - 20 October 1977

RESULTS AND DISCUSSION

Physical Conditions

Temperatures - Taken routinely, and thése data show

nothing unusual.

Station . Oct 1971 . Oet 1976 Oct 1977
1 11.0 10.8 9.0
1A 10.0 8.6
2 10.2 9.8 8.0
3 - 7.0 8.0 5.8
5 9.8 10.6 9.0
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Visual turbidity - Data for 1977 show no residual effects

of streamside operations. Presumably the particulates had been

washed downstreamn.

Oct 1976

Station Oct 1971 Oct 1977
i tr light tr
1A light tr
2 extreme light tr
3 extreme light tr
5 60 light tr
(turbidimeter)

Gravimetric Turbidity - Gravimetric determinations of

suspended organic and inorganic matter are far more accurate than

turbidimetric or Jjudgement observations, and our data are as

follows:
Suspended organic, mg/liter Suspended inorganic, mg/liter
Oct Oct Oct Oct Oct Oct

Station 1971 1976 1977 1971 1976 1977

1 5.4 “ ‘\1 29.8 7.4 8.3

14 j > 6.4 9.4

2 5.0 z e 150.4*  11.7 13.5

3 8.4 ” - 81.6% 4.8 11.8

5 5.0 @ @ 21.% 4,7 5.6

o —

*Burst tailings pipe one mile below the plant on the previous
afternoon.

A1l suspended organic determinations were well within
the limits occurring in natural, undisturbed systems. In both
1976 and 1977 suspended inorganic materials were low. Ag 2
comparison, determinations of suspended materials during and after
heavy showers commonly exceed‘2OO mg per liter. When we visited the
Red River on 19-20 Uctober 1977 there was evidence that the water
level had been about 30 cm higher a short time previously. We
could see no significant ecological damage resulting from this

oceurrence.

o—— e
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- Condition of the stream bed - In all three years the

substrate at Station 1 above Molycorp property consisted of
tightly packed rubble and gravel.

The stream bottom at Station 1A was almost completely
covered with silt derived from a pipe break in March 1977, but
in October the bottom was clean rubble except for a little silt
at the water's edge., ‘

Station 2 had a clean rubble substrate in 1971, 40%
covered with tailings in 1976, and about 10% covered with tailings
in 1977,

Stations 3 and 5 had relatively clean rubble sﬁbstratesr
in all three years. Only at the water's edge and under the rubble
was there some Silt, and this consisted chiefly of particles
having a diameter in excess of 1 mm,

Chemical Conditions

Dissolved oxygen - All determinations close to 100%

saturation. This is usual in rapid streams having no organic
pollution.

Free carbon dioxide - Always present in equilibrium

concentrations of 2 to 3 ppm, corresponding to the partial

pressure of 002 in air.

Bound CO2 and hydrogen~ion concentration - All of these

data are typical for medium-hard streams, with normal seasonal
variations and with slightly increasing hardness at the downstream
stations; In general, the waters were softer in 1977 than in 1971
and 1976. This is probably caused by a greater water flow in 1977

but is of no biological significance.
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ppm_bound 002 Hydrogen-ion concentration
Station Oct Oct Oct Oct Oct Oct

1971 1976 1977 1971 1976 1977
1 29,0 32.0 27.0 8.1 77 747
14 37.0 3.6 29.4 7.7 7.7
2 37.0 31.0 25.3% 7.7 7.5 7.4
3 42,0 42.3% 36.0 7.6 7.6 7.6
5 38.5 40.0 37.0 8.1 7.7 7.8

Dissolved materials - Quantities of dissolved organic

matter {(1loss on ignition) in the Red River were always low and
similar in all three years, =- génerally less than 0.20 mg per
liter, and typical for (organically) unpolluted streams everywhere.
Recent streamside disturbances apparently had no measurable effect
on organic content. Data for dissolved inorganic matter, however,

show considerable variations. .
Mg per liter, dissolved inorganic matter

- Qct Oct Oct
Station 1971 1976 1977
1 89.8 98.9 87.0
14 138.0 .
2 ' 114.0 90.9
3 165.2
5 288.% - 371 .4 220,2

Dissoived inorganic matter is closely related to local
geochemistry, streamside disturbances, and volume of flow. But
there is no evidence of abnormal situations in October, 1977.

In general, the dissolved inorganic materials'were lower in 1977
than in 1976 and 1971. This is possibly a reflection of slightly
greater stream flow in 1977, or it may simply be a reflection of

normal seascnal variations.
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Bottom fauna

Qualitatively, the bottom fauna of October 1977 was
similar to the bottom faunas of 1971 and 1976. No "indicator"
species have disappeared. They are a typical "clean-water"

assemblage, with typical dominant forms in 1977, as follows:

Ephemeroptera (mayfly nymphs) Plecoptera (stonefly nymphs)
Baetis Pteronarcella
Rhithrogena Isogenus
Cinygmula Diptera (fly larvae)
Ephemerella Tipula

Trichoptera (caddis larvae) ‘ Coleoptera (beetle larvae)
Brachycentrus elmid larvae
Arctopsyche , miscellaneous
Hydropsyche small leeches
Rhyacophila planarians
Glossosoma

Quantitatiﬁely, and for comparative purposes, we may
summarize the bottom fauna populations for the three critical
sampling dates, expressed as numbers of organisms per square

meter in the following table:

-
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Station Oct 1971  Oct 1976  Oct 1977
§ 1 12.6 268.8 21.5
£ 14 43%0,1 38,7
a 2 88.2 109.8 21.5
& 3 67 A 156.2 64.5
;gq,ﬁ 5 67.2 159.1 43,0
1 16.8 251.6 17,2
& 14 294 4 4.%
*é; 2 48.5 23.8 3,4
5 3 63.0 492.,5 86.0
'g 5 369.6 301.0 1%3.3
1 0 41,6 8.6
§ 1A 81.8 25.8
£ 2 10.5 34.6 0
§ 3 16.8 21.5 0
o 5 8.4 17.2 12.9
1 0 0 0
a 1A 2.2 0
g 2 2.1 0 0
han 3 0 60.2 8.6
a 5 33.6 81.7 4%
’3 1 29,4 562.0 55.9
@ 1A 808.5 43.0
3 2 149.3 168.2 81.7
& o 3 147,2 730.4 159.1
E‘E 5 478.8 559.0 22%,6
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In previous reports we have stressed the wide, natural,
normal season-to-season and year-to—year variations in bottom fauna
densities, plus the fact that only general trends are significant.
Much of the species-by-species population irregularities may be
avoided, however, by simply adding together all of the various
organisms for each station on each of the three October dates.
Thus, the last five lines in the above table are of greatest
significance, \

Data for the three years at the "control" 8tation 1
show how great the '"nmormal" population densities may vary from
year to year. Indeed, these three sets of figures show as wide

a variation as is seldom found in other focky Mountain trout

‘streams.* It appears, therefore that October 1977 was a "poor"

bottom fauna period, even in an unpolluted and undistufbed area
such as Station 1, above the lMolycorp property.

Station 1A had the lowest productivity, but there is no
great difference between this station and stations 1 and 2. Ve
must conclude that there is no good evidence to show that the
low productivity at 1A is the result of streamside excavating and
rocad machine work and plant cutting.

Note, however, that downstream stations in 1977 haq_
progressively higher populations, - a situation generally similar

to what was found in 1971 and 1976. Indeed, among the four

* Pennak, R. W. 1977. Trophic variables in Rocky Mountain trout
streams. Archiv flir Hydrobiologie. 80: 253-285, (Other important
references will be found in our 1971 report.)

M-00000719
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taxonomic groups shown in the preceding table, the Ephemeroptera
and Trichoptera afe most sensitive to environmental disturbance.
Yet the "resistant" Plecoptera and Diptera groups are most poorly
represented in 1977. We therefore conclﬁde that there is no
October evidence of harmful bottom fauna pollution effecté on the
Red River between the Molycorp plant and statioﬁs west of Questa.
It would be interesting to assess the bottom fauna again in May
or June of 1978 to see the magnitude of the expected resurgence
of bottom insects.

A second method of assessing.producﬁivity of trout
streams is the measure of live weight (biomass) of the bottom

animals (as contrasted with numbers), and such data are summarized

below:

Grams of organisms per square meter
Station Oct 1971 Oct 1976 Oct 1977

1 0.8 6.0 0.7

1A 6.5 0.3

2 3.6 1.4 2.4

3 2.1 6.6 1.1

5 10.9 5.8 2.5

All stations exhibited generally lower biomass in 1977
than in the two earlier years, but 0.7 gfams per square meter at
Station 1 (control) indicates an overall poor crop situation in
the river rather than any downstream ecological damage. These dzta
parallel those found in many other Rocky Mountain trout streams
(Pennak, OD. g;g;), especially if we are correct in our contention

that late 1977 was a generally "poor" fish food period.

O
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Lithophyton

The significance of the lithophyton as an indicator of
stream conditions was emphasized in our reconnaissance report of
March 1977, and only a brief discussion is necessary here. As
shown by a microscopic examination, the patterns of substrate algae
in October 1977 were similar to those of October in 1971 and 1976.
As shown in the following table, however, the organic contents of
the periphyton at stations 1, 1A, and 2 were comparatively low,
egpecially as compared with the "bumper" crop of 1976. Compared
with other small trout streams in the Rocky Mountain area,
nevertheless,'stations_;, 1A, and 2 had guite resPeétable
productivities in October of 1977 (Pennak, op. cit.). On the basis
of the data we have, we can see no significant scouring effect
upon the thin film of algae and detritus covéring rubble surfaces.
East of Questa and in some stretches west of Questa, the Red River
is greatly shaded by overhanging shrubs and trees. Undoubtedly a
more open exposure of the stream would markedly increase the
production of algae on the rubble surfaces.

Mg (dry weight) organic matter in the litho-
phyton per 5-minute sampling pericd

Station Oct 1971 Oct 1976 Oct 1977
1 . 3.4 112.0 5.4
14 318.8 3.4
2 12.8 38.3 3.6
3 494 .2 97.0
5 39.1 - 360.9 253.0
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Summary and conclusions

On 19 and 20 October 1977, followiné Red River streamside
manipulation with heavy machinery and following removal of some
streamside trees and shrubs, we did a very brief stream reconnaissance
similar to thoée performed in October of 1971 and 1976. Field and
laboratéry conclusions are as follows:

1. Temperature, dissolved oxygen, free carbon dioxide, visual
turbidity, pH, and bound carbon dioxide wére all typical for this
time of year. There were no residual effects of streamside activities
or of pipeline breaks during the previous spring.

2 Quantitiesrof suspended materials,determined gravimetrically,
were low and similar to those quantities in many other small Rocky
Mountain streams during the autumn. The same is true for dissolved
materials. |

35« The rubble substrate showed no evidence of recent streamside
disturbance and gfavel wash, All stations below the Molycorp plant
showed a great decrease in pipeline silt from the situation in
March 1977.

4, The bottom fauna is a '"clean water" assemblage of the same
forms found previously in the Red River. Quantitatively, however,
populations were lower than usual at all stations. We believe that
this is simply a reflection of low summer and autumn populations
generally in the Red River in 1977.

5. The periphyton standing crop was "typical," although generally
lower than it was in October of 1971 and 1976.

— ——
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6. We
stream has
we look at

downstrean

13
can find no biological evidence to show that the
suffered recent appreciable damage, especially when

the control data for Station 1 and compare them with

station data.

Robert W. Pennak, Professor Emeritus
EPO Biology, Hale 6

University of Colorado

Boulder, Colo. 80309
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INTRODUCT ION

-In March and July, 1978, we coﬁtinued our monitoring
of the Red River at five stations above and below the Molycorp
mining operations area, and this is a further summary of the
situation. To recall our sampling stations:

Station 1 - 100 m ébove the Molycorp fence line

Station 1A - just above the Goaf Hill campground

Station 2 = just above Eagle Rock campground

Station 3 - 100 m above the mouth_of Pope Creek

Station 4 - Pope Creek; 50 m above its mouth (not flowing in 1978)
Station S |

200 m above the Fish Hatchery
In order to make our data as significant as possible, we
are presenting comparative stream réadings grouped as follows:
A (Spring) - 17 May 1971, 12-13 March 1977, 29-30 lMarch 1978,
B (Summer) - 23—24 June 19?1, 25-26lJuly 1971, 25-26 July 1978.
C Summary Appendix for certain parameters for‘all collections in

1971, 1976, 1977, and 1978.

26 JULY POLLUTION INCIDENT

One item in 1978 deserves special attention. Station 1
was the last station to be visifed on 26 July. Just as we arrived
there at 2:40 p.m. (above lMolycorp property), an extremely heavy
pollution lcad was making its way dovia the River, rendering uic
water opaque. 1t consisted of a dense suspension of light tan
particles and covered a stretch of water about 2% miles long.
No biological samples could be taken during this po}lution. It
tapered off slowly. By evening the water wés only slightly turbid, and

by the next morning the water was again clear. I know nothing

T T T T T
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about the source of this temporary pollution. Presumably it came
fron streamside construction work somewhere upriver., There were
no showers in the area. At any rate, as is uéua; in such brief

circumstances, no visible dmmage was done to the strean.

RESULTS AND DISCUSSION

Physical Conditions

Temperatures - Taken routinely, and these data show

nothing unusual.

: Spring - ' Sunmer

Station | May 1971 Mar 1977 Mar 1978 |Jun 1971 Jul 1971 Jul 1978
l 5'5 2'0 9'5 1400 18.5 )
1A . 5.8 9-6 -0 a 13.8
2 6.0 5.0 3.8 16.0 17.5 14,0
3 12.5 2.7 5.2 11.0 12.5 12,0
5 14,7 - 7.8 9.0 14.6 15.2 13.6

Visual turbidity -~ Data for 1978 show no important
turbidity except for the temporary extremély high turbidity )

in July.

Station{ May 1971 Mar 1977 Mar 1978 |Jun 1971 Jul 1971 Jul 1978
1 tr tr tr light light extreme**
1A tr : light
2 tr light light light light light
3. tr ~1light  light -1 light high* licht
5 tr . tr light tr high* light

* -~ cloudburst in mountains previous evening

** - severe upstream pollution

————— Ty
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Gravimetric Turbidity - Gravimetric determinations of.
suspeﬁded'organic and inorganic matter are far more accurate than
Judgement observations or Jackson candle turbidity measurenents,
and these data follow. Note that all'readings in 1978 showed only
traces of suspended organic matter. Suspended inorganic nmatter was
never higher than "normal," except for Station 1 in July.
Suspended drganic matter, mg per liter:
, Spring Sunnmer
- Station |May 1971 Mar 1977 Mar 1978 {Jun 1971 Jul 1971 Jul 1978
1 0.8 =~ <0.2 <0.2 2.7 3.5 0.2
1A £0.2 <0.2 ' 0.2
2 0.2 <0.2 <0.2
3 16.6 0.2 <0.2 1.2 18.8 0.2
5 6.9 <O.2 <O.2 1:8 18-9 (O.2
Suspended Inorganic matter, mg per liter:
_ ) Spring Summe r
Station | Mayv 1971 Mar 1977 HMar 1978 | Jun 1971 Jul 1971 Jul 1978
1 3.6 9.3 .3 15.C 26.0 A24 3x*
1A 48,3 7.1 24,6
27 , 71.2 10.7 . 21.6
3 17.6 18.4 8.6 3.4 193.8* 13,7
5 6.9 8.9 8.0 5.3 181.8* 28.5
* = cloudburst in mountains previous evening
** - severe upstream pollution
e
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Stream Bed Mill Waste - By 1978, essentially all mill

waste spill residue generated in earlier years had disappeared.
The‘substpate at all stations was essentially normal with a
predominance of rubble, small boulders, and a little gravel. A
small amount of clay, probably generated inlthe 1978 spring
runoff, still remained near shore, but was of no biological
significance. The thin yellowish-tan chemical deposit on the
rubble at Station 2 was much less abundant in_July‘than in lMarch,
1978. This material is thought to be derived from naturally-

occurring surface streamside deposits upstream from Station 2.

Chemical Conditions

Dissolved oxygen - All determinations close to 100%

saturation. This is usual in shite-water streams having no organic

poliution.

Free carbon dioxide - Always present in equilibrium

concentrations of 2 to 3 ppm, corresponding to the partial pressure

of carbon dioxide in air.

Bound carbon dioxide - L1l of these data, eXpressed as

ppm, are typical for medium-hard stréams, with normal seasonal
variations. Note that the water becomes harder in passing frdm
Station 1 t» Station 5, as it picks uﬁ more and nmore solute frcm
the substrate. This is typical of small flowage systems everywhere

in the world.

e ——
e

M-00000728

I

—

—



:{z/_‘

_ ~ Spring | . Summer 6
Station flay 1971 Mar 1977 Mar 1978 [Jun 1971 - Jul 1971 Jul 1978
C1 29,0 29.7 = 25.0 33.5 35.1
14 35,0 22.5 | 24,2
2 21.0 20.5 25.0
3 50,0 47.5 30,1 49,0 45.0 - 32.5
5 45,0 40.4 31,0 45.0 40.5 32.8

Total Dissolved Solids - The Federal and state governments

ﬁow ordinarily express dissolved materials in the form of total
dissolved solids (TDS), without spliﬁting into organic and inorganic
fractions, unless there is domestic or industrial pollution
contributing organic materials to the water. In unpolluted mountain
streams the dissolved organic fraction is of little significance;-

by itself. TDS data are expressed as mg per liter.

Spring : Summer
Station May 1971 Mar 1977 Mar 1978 | Jun 1971 Jul 1971 Jul 1978 R
1 - 14,0 141.0 177.5 1390.1 123,0 169.9
1A 129.2 99.4 . 120.0
2 172.4 15C.0 . 99.8
3 248.2 241.5 ' 155.4
5 31.9 570.9 204.8 554,% 657.7 188,6

This table shows the natural wide TDS variations that
may be founa in mountain streams from time to time, depending on
the vagaries of rains, snowmelt, and runoff. In some instances, in
early yeafs, there is evidence to show that Pope Creek water
increased the TDS of the Reﬁ Ri#er, esnecially in 1971, 1976, And
1977, but we have already shown that this phenomenon has a
beneficial fertilizing effect on the Red River biotic coﬁﬁunity.
At any rate, there is no evidence to show that Holycdrp operations

have any deleterious effects on the TDS picture for the Red River.

M-00000729
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Bottom Fauna

From the standpoint of the particular species make-up,

the bottom fauna in 1978 was essentlially the same or slightly

richer than in those collections made in earlier years. The same

four major clean-water groﬁps dominated the communities: mayfly

nymphs, caddis larvae, stonefly nymphs, and fly larvae. Data are

expressed .as numbers of organisms per square meter,

Snrihg . Sunmer
Station | May 1971 Mar 1977 Mar 1978 |Jun 1971 Jul 1971 Jul 1978
1 98.7 112.0 958.9 210.0 109.2
1A 210.8 1677.2 442.9
2 - 31.5 554 ,7 51.7 7%.6 58.8 490.2
3 290.0 2017.7 907.3% 215.0 326.3 210.7
5 298.2 1874.7 1401.8 - 478.8 198.6 2206.8

Note that the 1978 populations. at these five. stations

were exceptionally high, for the most part higher thean in 1971

and 1977. The only important excention was the sparse population

at Station 2 in March of 1978, but it had recovered by July of

1978.

-~ As a supplement to numerical abundance of bottom animals,

it is essential that we also present live weight (biomass) data for

the same samples. Such data are given below, as grams of organisms

per square neter.

Spring Sumnmer
Station | May 1971 Mar 1977 HMar 1978 | Jun 1971 Jul 1971 Jul 1978
1 1.7 1.7 7.3 4.2 4.0
1A 4.5 22.3 5.2
2 2.9 7.8 0.5 1.1 2.9 16.3%
3 7.1 17.% 6.2 . %.8 5.0 1.8
5 10.9 51.6 18.5 16.8 - 13.7 2l.1
- M-0000073t;
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Here again the population was exceptionally low at
Station 2 in March, 1978, where the substrate had the thin =
brownish adherent coat of sediment. By July, 1978, however, the
poovulation had recovered. All other samples were within or well
above the normal range of biomass figures published for other
Rocky Mountain trout streams (Pennsk 1977).
Lithoﬁhyton
The composition and development of the thin layer of

algae and dead organic matter on the exposed surfaces of stones
'is an indicator of the general condition of the biotic bommunity.
As soon as the water contains enough sediment to have a scouring
action or as soon as toxic materials make their way into the
water, then the periphybon quickly ioses much of its wvariety of
‘algae {diatoms, greens, and blue-greens), and the community
quickly disintegrates. Our data are expressed as mg dry organic
matter per S5-minute sampling period.

‘ ) Soring ' Summer
Station Yay 1971 Mar 1977 Mar 1978 |Jun 1971 Jul 1971 Jul 1978

1 1.9 220.9 112.5 1.0 0.4

14 1669.3 2012.0 ' . 0.9

2 69.1 8.4 4.5 2.1 8.3 110.8

3 12.9 333.1 560.9 1.0 - 0.6 246.3

5 4.6 7119.0 1792.5 0.7 95.0 937.5

In past years Station 2 always had a sparse lithophyton,
but in March and July of 1978 the community was well developed. The
table emphasizes the enormous guantitative differences of litho-

(_—“.

|
- ' t
differences are seasonal and usually related to the effect of the |

phyton from time to time and place to place. Such-quanﬁitative

sedimentary load during the spring runoff: high population through

M-00000731

March, decreasing markedly in April, May, June, and sometimes early

| I
July, increasing again by late July. Qualitatively, the lithophyton!

in March and July of 1978 was a well developed "clean water" situation,



CONCLUSIONS - AU - Y

Sampling of the five permanent stations along the

Red River in March and July of 1978 showed that the physical and
chemical nature of the stream as well as the biotic community -
were essentially "normal." Station 2 had some unusual conditions
in March bdt was much improved by July. In comparing the 1978
~data with those of previous years, it appears that the Red River

is now an improved, stable stream.

Reference: Pennak, R. W. 1977. Trophic Vazriables in Rocky Mountain
Trout Streams. Arch. Hydrobiol. 80: 253-285.
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APPENDIX

‘By now, we have taken sufficient data over the years at the
Red River .to give us some significant idea of average éonditions
at the various stations, in spite of considerable yeér—to-year and
season-to-season variations. All'éuch data are therefore
summarized below with the idea that they may serve as a good
comparison pattern for open season conditions. If and when
additional data are taken in future years, we recommend that such
data be compared with the following tabular material, bearing.in
mind that plus or minus variations in all of these categories

are the normal situation.
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Average aquatic conditions in the Red River, based on data taken
in 1971, 1976, 1977, and 1978. Data for one cloudburst and two pollution
incidents are omitted. |

Temperature 10.9

Suspended load,
mg per liter 23.0

Bound carbon
dioxide, mg 314
per liter :

Total dissolved .
solids, mg per 133.9
liter

Bottbm-fauna,
organisms per 239
-square meter

-"‘w Bottom fauna,
grams per 3.2
square meter

1A
9.2

19.4

30.4

133.6

628

9.7

Station
2 2
10.6 8.2
27.7 12.8
28.1 42,9
144,6 217.0
160 522
3.9 5.0

11.4
24.5

27.2

529

2.5

Probable normal
variation for any

5 one determination
11.5 ¥ 50
16.0 *som
40,2 +o2s%
| 366.0 Il
- 768 Y so%
14.1 * 504
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.Summary Comments on Aquatic Conditions in the Red River on

29-30 March 1978

Our early spring results this year afe most significant
when compared with data taken in May of 1971 and March of 1977.

Temperature, turbidity - roughly comparable in all three

years.
-

Suspended organic and inorganics - all comparable and |

negligible, in spite of much'highér runoff in 1978.

Stream bed mill waste -~ in 1978 there was ng signlflcant
partlculate mill waste on the substrate at any of the five Red
River stations. Rubble was the only 1mportant conponent. This is
in accordance with our prediction of a year ago. At-éfation 2,

however, just above Eagle Rock Campground, much of the rubble

~surface was partially covered with a thin yellowish-tan chemical

deposit that has occurred here previously (though never so
abundantly). When we found it in 1977 we assumed that it was
de;ived from the previous spill, but such is presumably not the
case. This deposit can be scraped off the rubble with a scalpel;

It should eventually disappear by scouriﬁg action unless more of it
is contributed to the river. We assume it has originated from
Molycorp operations, either directly (from drainage?), or from a
side.gulch. It is not a "ngturally occurring” substance, and we 4o
not know its chemical nature. Undoubtedly the Molycorp chemists

are aware of its presence.

Dissolved oxygen, free carbon dioxide, bound carbon

dioxide, pH - comparable to sprlng conditions in 1971 and 1977.

e ———
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2
Dissolved inorganic matter — lower this year than in 1977.
Higher than in 1971.
Digsolved organic matter - low, as.usual, and of no

importance at this time.

Bottom animals, numbers per square meter -

Station | 1971 1977 1978

1, above Molycorp preperty . 94,5 112.0 958.9
1A, above Goat Hill Campground - 210.8 1677.2
2, above Eagle Rock Campground 31.5 554,7 51.7
3, above mouth of Pope Creek ‘ 283.1  2017.7 907.3%
4, Pope Creek | 10.5 8.6 -

5, 200 m abdove Fish Hatchery - 298.2 1874.7 1401.8

Bottom animals, grams per square meter -

1 1.7 1.9 - 7.3
1A = 4.5 32.3
2 ' 2.9 7.8 0.5
3 2.1 17.3 6.2
4 0.1 0.1 -

5 10.9 51.6 18.5

The 1978 spring standing crop of bottom organisms was
healthy and generally comparable or higher than those in 1971 and

1977, except at Station 2. Ve urge that no further chemical(?)

effluent be added to the stream to perpetuate the thin coat of
material on the rocks at this station. Undoubtedly the reduced fauna
here is the result of this abnormal situation. Even some of the

bottom animals had a coating of this substance.

¥

T T
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" Lithophyton (coating of organic food material on

stream rubble), mg organic matter per.five—minute sample -

Station 1971 1977 1978
1 1.9 220.9 112.5
14 , - 1669.3 3012.0
2 | 69.1 8.4 34,5
3 12.9 © 333.1 560.9
4 5.0 2791.4 -

5 . L 4,6 7119.0 1792.5

The lithophyton food material was again abundant in 1978,
except at Station 2, where the productivity is undoubtedly

inhibited by the cocating on the rocks,

T T

T adenr

16 May 1978 | Robert W. Pennak
EPO Bioclogy, Hale 6
University of Colorado
Boulder, Colo. 80309
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ECOSYSTEM CONDITIONS IN THE RED RIVER 1IN THE ILATE SUMMER OF 1979: 43)"
EFFECTS OF ABNORMALLY HIGH RUNOFF

) oo T T T T

- ATTACHMENT
| 7.10
Report submitted to the -

Molybdenum Corporation of America
by

Robert W. Pennsk

EPO Biology
University of Colorado
Boulder, Colo. 80309

December, 1979
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INTRODUCTION

On 5-6 August and 9~10 September of 1979 we continued

our biological monitoring of the Red River. In addition to our

usual six stations, however, we added two additional downstream

sites. The entire list of eight stations was therefore:

Station
Station
Station
Station
Station
Station
Station
Station

1l - 100 m above the Molycorp fence line

14 - just above the Goat Hill campground

2

i B ¢ )TN B “ AN

Just above the Eagle Rock campground

100 m above the mouth of Pope Creek

Pope Creek; 50 m above its mouth (not flowing)
200 m above the Fish Hatchery

0.8 km below the west edge of the Fish Hatchery
O.4 km above the mouth of the Red River

Stations 6 and 7 were new and were established as a

consequence of impending court hearings involving Molycorp and

the Federal Government. Station 6 was somewhat similar to all of

the other upstream stations, but the actual rubble sampling area

was restricted owing to the presence of many boulders. At Station

7 the river is essentially a narrow torrent traversing a bed of

small to large boulders. No suitable rubble substrate could be

found, and consequently no bottom fauna samples could be taken.

This report is intentionally brief. Methodology follows

those procedures used in previous reports in this series, to

which reference should be made for details. Literature references

are also to be found in earlier reports.

(
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1979 RUNOFE

The spring and summer were notable for their abnormally
high runoff, - said to be the most violent in 40 years. The
streamside was heavily flooded and damaged by the torrential
waters. Trees and shrubs were abundantly uprooted. The original
rubble stream bed was heavily scoured and cleaned of interstitial
organic debris and sand. In fact, the Red River did not reach a
semblance of its "nmormal" flow until after the middle of July.
In spite of marked alterations in the sfream bed and streamside,
the high runoff afforded an ideal opportuniﬁy for us to assess
the damage to the bottom (fish food) organisms,

RESULTS AND DISCUSSION

Physical Conditions

Temperatures - taken routinely; these data show

conditions similar to those in previous years.

Station 5-6 August 9~10 September
1 115.0 14.2
14 15.0 13.3
2 15.7 1%2.3
3 11.0 10.2
4 (no water) (no water)
5 12.9 12.0
6 14,9 16.0
7 12.0 13.0

Visual Turbidity - Water was clear to only slightly

turbid at all stations on both dates.
Gravimetric Turbidity - Following our custom in
previous work on the Red River, we made gravimetric determinations

of suspended ﬁaterials for our samples. The organic fraction

e ——
o ——
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of &1l samples was very low, - less than 0.2 mg per liter. The
suspended inorganic materials, however, showed the following

pattern (expressed as mg per liter):

Station 5-6 Ahugust 9-10 September
1 5.1 -18.0
2 8.1 12.6
5 4.8 7.7
6 8.2 29.5
7 10.5 14.3

Note first that all readings were generally higher in September
than in August. We have no explanation for this situation other
than to assume that there must have been some headwater
disturbance or precipitation in the latter period. Ordinarily
water is clearer in September than in August. Note also that
the highest reading wés 29.5 mg in September, below the Fish
Hatcherj. Possibly hatchery operations were responsible for this
(temporary ?7) situation. In general, however, all readings were
well within the range of "normal" conditions found in previous
years, and, indeed, they closely follow the sitdation in other
snall mountain streams everywhere in the Rocky Mountains.

Stream Bed Conditions

‘Although we have no quantitative measurements, it
was abundantly evident that the stream bed in 1979 was different
from what it was in 1971 to 1978. Yost notably, the extremely
high and persistent spring and summer runoff had a "scouring"
effect on the basically rubble substrate and washed away most
of the macroparticulate organic debris as well as interstitial
sand and clay particles. In effect, this is a "cleansing" action

which is sooner or later experienced by all streams. Some stream

M-00000741

-

—_—



biologists (unpublished) are convinced th&t such periodic
"scours" are actually beneficial in the long run because they
serve to improve the structure of the rubble substrate by
increasing the total interstitial area available for periphyton
and the total interstitiel volume for macroscopic fish food
organisms.,

Chemical Conditions

Dissolved Oxygen - Determinations at Stations 1, 3,

5, and 6 were all close to 100% saturation, as is customary in
unpolluted white-water streams.

Free Carbon Dioxide - Similarly present in concen-

trations of 2 to % ppm, corresponding to the partial pressure

of carbon dioxide in air.

Bound Carbon Dioxide - All readings were in the medium-

hard range and similar to readings taken in previous years. This
situation indicates a somewhat higher productivity potential
than in most {(softer) small mountain streams. Note the usual
downstream hardness increase,Results are expressed as ppm of

bound carbon dioxide.

Station 5-7 Aupgust 9-10 September
1 20,0 25.0
1A 25,2 : 17.5
2 25.5 25.0
3 27.5 38.0
4 {(no water) (no water)
5 30,0 33.0
6 30.5 35.0
7 31.0 37.0

M-00000742
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Total Dissolved Solids -~ Most laboratories now

ordinarily express dissolved materisals in the form of total
dissolved solids (TDS), without splitting into organic and
inorganic fractions, unless there is domestic or industrial
pollufion contributing organic materials to the water. By
itself, the disdolved organic fraction is of little significance

in mountain streams. Results are expressed as mg per liter.

Station 5=7 August 9-11 September
1 99.0 141.6
7 170.6 241 .4

In general, these results are lower than those found in
orevious years. This may be due to the fact that the I“low“)
flow in August and September of 1979 was actually higher than
it was during most other sampling periods in previous years.

Bottom Fauna

During the two Red River field trips in 1979 fish
food organisms were taken as usual on rubble substrates at
stations 1 to 5. The new downstream stations 6 and 7, however,
were visited for the first time and presented a problem. At
Station 6, 0.8 km downstream from the hatchery, the percentage
of rubble substrate was markedly reduced, and the stream bed
consisted chiefly of small to large boulders. Nevertheless, .
we did locate an area suitable for quantitative and quantitative
samples. Rubble is well known as the most productive kind of
substrate, and since it accounted for less than 10% of the total
bottom area near Station 6, we may assume that the stream as a

whole is a poor producer in this particular area.

T
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In the area of Station 7 we. were unable to locate any
suitable rubble substrate. The stream ﬂed here consists almost
entirely of low-producing boulders and bedrock. In addition,
the water was almost everywhere quite deep over the very narrow
stream bed so that the Surber sampler.could not be used even if
there were suitable rubble bottom. Consequently we have no
‘bottom fauna data from Station 7. We did, however, see a few
caddis larvae cases on some of the rocks.

In general, the same genera and same orders of bottom
insects made up the bottom fauna in 1979 as in preévious years.
Furthermore, we could see no significant differences between
the relative proportiqns of Ephemeroptera'(mayfly‘nymphs),
Trichoptera (caddis larvae), Plecoptera (stonefiy nymphs), and
Diptera (fly larvae) in 1979 as compared with previoﬁs years.

As in previous years, the Red River had a low species

diversity. Forms taken in 1979 were as follows:

Ephemeroptera Trichoptera Plecoptera
Baetis Brachycentrus Sweltsa
Cinygmula Hydropsyche Pteronarcella

eorus : Lrctopsyche lsoperla
Ephemerella 8D 8DDe.
Spp .
Diptera Miscellaneous
Atherix ‘ Physa
Chironomidae ytiscidae
Tipulidae
Simuliidae

M-00000744
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Since we have bottom fauna data from as far back as
1971, perhaps the most accurate way to judge the 1979 situation
is to compare the average productivity of 1971-1979 with the
1979 population. Such data are as follows, expressed as grams

of organisms per square meter of substrate.

Station 1971~-1979 August 1979 September 197G

1 2.8 1.6 0.4

14 6.6 0.6 0.6

2 3.4 0.2 1.0

3 4.6 2.4 2.0

4 2.4

5 12.3% 3.4 1.0

6 1.4 1.7 1.4
(Average) 4.8 1.7 1.1

The 1979 broductivity was quite low, although not as
low as the productivity in certain other small Front‘Range
mountain streams. Undoubtedly the situation in 1979 was the
direct result of the abnormally high runoff during the spring
and early summer. Such spates, especially if continued for some
months, have the effects of (1) dislodging and washing bottom
organisms downstream, (2) macerating the organisms bylthe molar
action of sand and gravel, and (3) by inhibiting reproduction.
In spite of the most turbulent conditions, however, there are
always a few eggs and immatures below the substrate surface
that function as a "seed" population when conditions return to
normal, Thus, there is no question about the regeneration of
normal faunal densities in the Red River by the summer of 1980.
The present writer has seen other streams successfully "recover"

from similar spates.
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Lithophyton
The high water of spring and summer of 1979 had a

severe scouring effect on the thin layer of living and dead
organic matter normally covering all exposed surfaces on stream
beds, This material, consisting of microdetritus, algae, and
bacteria, serves as a food source for the bottom insects.
Resulté for 1979 are as follows, expressed as mg of organic

matter collected'per E—minutg sampling period.

Station hugust 1979 - September 1979
1 1.1 26.8
1A 4,0 34,3
2 6.9
3 1.1 234,2
5 8.6 133.4
6 . 9.0 - 124.8

Note the marked increase between August and September. This
augurs well for food conditions for aquatic insects, and is
further evidence of the rapidity of biotic fecovery in the

Red River. Although the vast majority of particulate material

in all lithophyton samples was non-living, there was nevertheless

a noticeably greater percentage of living algal cells in

September than ip August.

BN
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SUMMARY

In 1979 two further field trips were made to monitor
biotic conditions in the Red River, one in August and one in
September. In addition to the usual six river stations, two new
ones were added. Oﬁe (number 6) was located 0.8 km below the
west edge of the Fisgh Hatchery and the other (number 7) 0.4
km above the mouth of the Red River; Sampling of bottom fauna was
difficult at station 6 and impossible at Stafion 7 because of
the boulder-~bedrock substrate, deep water,.and swift current.

Temperature conditions werelall "normal," and turbidity
wag low and negligible.,

The stream bed showed great evidence of scouring and
cleaning by the torrential spring and summer runoff. This is
believed to be a biotic improvement.

Dissolved oxygen, free carbon dioxide, bound carbon
dioxide, and total dissolved solids were all “normal."

The standing crop of bottom insects was greatly
‘reduced but it was no worse than the population in many other
small mountain streams. There is no doubt that this situation
was produced by the long spate of 1979, There was no evidence
of exterminatiqp of any species. Restoration of normal
population con%%ions should be achieved by the summer of 1980,

The lithophyton was also much reduced for the same
reason, but September already showed considerable recovery
over August conditions. |

Molycorp operations had no effect upon the economy
of the Red River in 1979.

e e e e =
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11
CONCLUDING OBSERVATION
Sampling in 1979 showed conclusively fhat a natural
stream catastrophe of much greater magnitude than any man-made
catastrophe can be tolerated by the stream organisms, and that
populations are quick to regenerate and move toward normal

levels,

o m e —— -
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Botfon fauné sanples uﬂd routine chenical analyses
were determined for the‘Red River and Fope Creek in various
months in 1971, 1976, 1977, 1978, and 1979. Sampling stations
were as foilows

1. 100 nmeters above Holycorp property.

1A, 100 peters above Goat Hill canpground.

2. 100 meters above Rable Nock canpground,

3. 50 meters above nouth of Pore Creek.

4, Tope Creek, 50 meters above its rmouth. )
5. 200 neters ahove the east edre of the Fish Hatchery,

&. 0.8 km below the west edre of the Fish Hatclhery.
7

0.4 kn above the mouth of the Ked River. (The substrate here
is essentially all large h01;ders, making it impossible to

take bottom fauna sﬂnnlos.)

Bottenm FPauna

The cn1of characteristic of the botton fauna of any
fiver is its quantitative varizbilify at any one station, depending
on the season of the year, hydrolofical conditiocns, @nd the |
seasonal cvcles of zbundance of the many species of animels naking

up the hottonm fmuna. These factors are in addition to the nature
of the substrate and the inherent error in taking randon samples
Most investipators take only one or two samples at a time at a
particular station. Cur data, touever, are based on five

Ve therefore

o 4=

replicates taken at one time at « particular station.

feel that they will stand up siatistically to a greater degree

,,-}\_,l -

than most strean hottom fqaune dntn,

-
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The major groups of orgdnismé“and the specific genera
found in the Red River are thoée typical of small western trout
streams everywhere, name Plecoptera (stonefly) nymphs,
Ephemeroptera (mayfly) nymphs, Trichoptera (caddis) larvae, and
Diptera (fly) larvae. In all of our Red River studies, there is
no evidence of the selective elimination of any particular group.
‘or species of bottom animal as the result of ecological variables
in the streaﬁ. Because of its intérmittent naﬁure, however, Pope
Creek (Station 4) does not haﬁe the time to develop a permanent,
typical, and abundant fauna.

Any stream subject to continuous severe turbid
conditions, or the presence of continuous organic pollution or
excessive quantities of toxic substances quickly loses its
characteristic fauna. There is no evidence of such drastic
alterations in our data. Furthermore, we have no evidence of
any pernmanent change in the fauna as the result of severe
hydrological conditions.

A11 of our Red River fish food data are summarized in
Table I where the results are expressed as grams of fish food
organisms per sqQuare meter of substrate. In spite of the wide
range of standing crops, all of these figures are well within
the range to be expected in small western trout streams everywhere,
This generalization is borne out by the data given in Pennak (1977)
which are based on many replicate collections at 51 stations on

trout streams in Montana, Vyoming, Idaho, Colorado, and New Mexico.

Pennak, R. V. 1977, Trophic variables in Rocky Mountaln trout
streams, Lrch. Fvdrobiol. 80: 253-285.
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" Pable I.- Average bottom fauna, grams per square meter.

1971 May-Nov
1976 Oct

1977 liar.

1977 Oct

1978 Mar & Jul
1979 Aug

1979 Sep

Lverage

Station
1 1., 2 3 4 5 6 7 Lverage
2.7 2.3 3.7 3.0 7.8 3.9
6.0 6.5 1.4 6.6 3.3 5.8 4,9
1.7 4.5 7.8 17.3 0.1 51.6 13.8
0.7 0.3 2.4 1.1 2.5 1.4
7.3 18.9 8.4 4,0 19.8 11.7
1.6 0.6 0.2 2.4 2.4 1.7 1.7
0.4 0.6, 1.0 2.0 1.0 1.0 1.0
2.9 5.2 3.4 5.3 2.113.1 1.4 5,5

In addition, several tentative conclusions may be drawn

from the data in Table I:

1. Note that the bottom fauna at Station I (above lolycorp)

is roughly similar to those at the other stations. There is no

evidence of downstream degradation.

2. Note that Station 5 (below—PopeuCreek inlet) appears %o

have the highest productivity. It is not inmpossible that water

from Pope Creek has a growth-promoting effect on the Red River.

3. As noted above, Pope Creek itself (Station 4) has a

consistently poor fauna because of its intermittent flow, even

though smaller populations were sometimes found at other stations.

4, There is some evidence that the massive runoff in the

spring and summer of 1979 has temporarily depleted .the bottonm

fauna in the Red River.

normal, however,

Conditions should soon return to

—— ——
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The nmost significant figures in Table I are those in
the bottom line. The writer knows of no. journal literature reference
matérial based on so many quantitative bottom fauna samples for a

few kilometers of a single trout stream.

Stream Flow

.Severe_ floods and droughts are natural phenomena in
all running waters, and the ability of fish food organisms to
hlthstand and adjust to these conditions was operational long
before man first appeared on the earth. Indeed, stream fishes are
equally well adapted to temporary unfavorable condltlons.

In general, there is a direct correlation between
a%erage size of stream and the size of a resident trout
population. Cur finest trout waters are invariably our largest
streams, Natural fish populations can maintain themselves,
however, even throuéh the most severe drying conditions. For
exarmple, the Rio Grande just north of the New Mexico line had a
mean discharge of only 9.7 cfs between 1 and 7 October 1964.

In the same area the writer in October of 1978 walked across

the Rio Grande without wetting his garters. In Colorado, four
streams about the size of the Red River (Piceance, Boulder,
‘South Boulder, and Lefthand) commonly deliver less than 5 cfs
during dry months. A1l have resident trout populations. The
South Platte below Cheesman dam in Colorado, famous for its
trophy trout, had a flow of only 15 cfs or less during the entire
winter of 1978-1979, |

e —— e
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Suspended Load

Similarly, the bottom fauna and trout populations are
able to maintain themselves for sufprisingly long periods of
heavy silting, especially during spring and summer runoff. Long
stretches of the Rio Grande and the Colorado River, for exanmple,
are classical texﬁbobk pictures. Most trout streams below 9000

feet have heavy suspended loads for long periods every year,

often up to 300 ppm. These are in addition to temporary severe silting

produced by thunderstorms and heavy rains,

The suspended loads for all pf our Red River data are
shown in Table II., Note that except for temporary tailings |
problems and cloudﬁﬁfsts,,all readings were 91 ppm or below, and
the avefage for Pope Creek was only 28 ppm. The FAO report to the
United Nations in 1965 states: "Usually ppssible to maintain
goéd or moderate fisheries in waters which normélly contain
25-80 ppm suspended solids." Thus the Red River has a favorable
suspended load situation. ‘

Table II, Suspended solids in the Red River, ppm, by station,

1 14 2 3 I 5 6 7
4 Vi 155%* 20 19 8 8 11
18 48 27 5 21 7 30 14
20 10 12 213+ 46*  201*
36 7 5 16 13 22
35 25 2 Q0 o1 26
38 5 17 19 41
8 71 18 5 9
10 14 12 6 8
9 11 9 29
2Dl xwk 8 8
5 8
18 13

* ~ Upstrean cloudburst the previous evening.

** - Burst tailings pipe one mile below plant the previous evening.

*** _Severe pollution upstream from lMolycorp; source unknown;
lasted about four hours.

————

/
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Total Dissolved Solids

High total dissolved solids, and especially carbonates

and bicarbonates, have an important role in maintaining high

insect and fish productivity in streams, although the precise

mechanisms are unknown. Furthermore, it is now well known that

the dissolved solids are important in combining with heavy metals
‘and protecting the bottom fauna and fish faunas. In these respects,

the Red River is especially fortunaté in having "medium" to

"hard" cdrbonate waters and unusually high TDS readings, as

shown in Table III.

Table IIT. Total dissolved solids, mé per liter, by station.

2+

15
139
123
157
125
154
136
129

87
178
170

99
142

1A

186
119

99
120

2

156
156

91
151
100

2
223
233
242
155

;

'1355
318

2. 6. 7.
32 170

549 241

657

488

360

219

464

546

220

241

189

4 further relection of these advantages is the fact fthat

hydrogen-ion readings ranged from pH 7.0 to pH 8.1, with most

readings being 7.6 to 7-8. This.is an exceptionally favorable

alkaline situation; most mountain waters are close to neutrality.

ROBERT W. PENNA
EPO Biology, Box 534

University of Colorado
Boulder, Colorads 80309

W@»&

September 1979
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December, 1979
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INTRODUCTION

On 5-6 August and 9-10 September of 1979 we continued
our biological monitoring of the Red River. In addition to our
usual six stations, however, we added two additional downstream
sites. The entire 1ist of eight stations was therefore:
Station 1 - 100 m above the Molycorp fence line
Station 1A - just above the Goat Hill campground
Station 2 - just above therEégle Rock campground
Stasion 3 -‘100 m above the mouth of Pope Creek
Station 4 - Pope Creek; 50 m above its mouth (not flowing)
Station 5 - 200 m above the Figh Hatchery
Station 6 ~ 0.8 km below the west edge of the Fish Hatchery
Station 7 = O.4 km above the mouth of the Red River

Stations 6 and 7 were new and were established as a
consequence of impending court hearings involving Molycorp and
the Federal Government. Station 6 was somewhat similar to all of
the other upstreém stations, but the actual rubble sampling area
was restricted owing to the presence of many boulders. At Station
7 the river is essentially a narrow torrent traversing a bed of
small to large boulders. No suitable rubble substrate could be
found, and consequently no bottom fauna samples could be taken.

This report is intentionally brief. Methodology follows
those procedures used in previous reports ip this series, to

which reference should be made for details. Literature references

are also to be found in earlier reports,
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1979 RUNQOFF

The spring and summer were notable for‘their abnormally
high runoff, - said-to be the most violent in 40 yeafs. The
streamside was heavlly flooded and damaged by the torrential
waters. Trees and shrubs were abundantly uprooted. The original
rubble stream bed was heavily scoured and cleaned of interstitiai
organic debris and sand. In fact, the Red River d4id not reach a
semblance of its "normal" flow until after the middle of July.
In spite of mérked alterations in the stream bed and streamside,
the high runoff afforded an ideal opportunity for us to assess
the damage to the bottom (fish food) organisms.

RESULTS AND DISCUSSION
Physical Conditions

Temperatures -~ taken routinely; these data show

conditions similar to those in previous years.

Station 5-6 August 9-10 Sevtember

1 15.0 14,2

14 15,0 13.3%

2 15.7 13.3
3 11.0 10.2

4 (no water) {no water)

5 12.9 “12.0

o 14,9 ‘ 16.0

7 12.0 13.0

Visual Turbidity - Water was clear %o only slightly

turbid at all stations on both dates.

Gravimetric Turbidity - Following our custom in

previous work on the Red River, we made gravimetric determinations

of suspended materials for our samples. The organic fraction
| T
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of all samples was very low, - less than 0.2 mg per liter. The

suspended inorganic materials, however, showed the following

/

pattern (expressed as mg per liter):

Station - 5-6 August 9-10 September
1 5.1 18.0
2 - - 8.1 12.6
5 4.8 7.7
6 - 8.2 29.5
7 10.5 14.3

Note first that all readings were generally higher in September
then in August. We have po explanation for this situatién other
than to assume that there must have been some headwater
disturbance or precipitation in the latter period. Ordinarily
water is clearer in September than in Lugust. Note also that
the highest reading was 29.5 mg in September, below the Fish
Hatchery. Possibly hatchery operations were responsible for this
(temporary ?) situation. In general, however, all readings were
well within the range of "normal" conditions found in previous
years, aﬁd, indeed, they closely follow the situation in other
small mountain streams everywhere in the Rocky Mountains.

Stream Bed Corpditions

Although we have no quantitative measurements, it
was abundantly evident that the stream bed in 1979 was different
from what it was in 1971 to 1978. Most notably, the extremely
high and persistent spring and summer runoff had a "scouring"
effect on the basically rubble substrate and washed away most
of the macroparticulate organic debris as well as interstitial
sand and clay particles. In effect, this is a "cleansing" action

which is sooner or later experienced by all streams. Some stream

4

Is
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biologists (unpublished) are convinced th&t such periodic
"scours" are actually benéficial_in thé long run because they
serve to improve the structure of the rubble substrate by
inereasing the total interstitial area available for periphyton
and the total inﬁerstitial volume for macroscopic fish food
organisms, | ' |

Chemical Conditions

Dissolved Oxygen - Determinations at Stations 1; 3y

5, and 6 were all close to 100% saturation, as is customary in
unpolluted white-water streams.

Free Carbon Dioxide - Similarly present in concen-

trations of 2 to 3 ppm, corresponding to the partial pressure

of carbon dioxide in air.

Bound Carbon Dioxide - All readings were in the medium-

hard range and similar to readings taken in previous years. This
situation indicates a somewhat'higher productivity potential
than in most (softer) small mountain streams; Nofe the usual
downstream hardness. increase,Results are expressed as ppm of

bound carbon dioxide,

Station 5~ Lugust 0-10 September

1l 20.0 25.0
1A ~25.2 - 17.5
2 25.5 25.0

3 27.5 38.0
4 (no water) (no water)
5 30.0 , 33,0
6 20.5 35.0
7 31.0 ' 37.0
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Total Dissolved Solids - Mbst laboratories now

ordinarily express dissolved materials in the form of total
dissolved solids (TDS), without splitting into organic and
inorganic fractions, unless there is domestic or industrial
pollution contributing organic materials to the water. By
itself, the dissolved organic fraction is of little significance

in mountain streams. Results are expressed as mg per liter.

Station 5-7 August ' 9-11 September
1l -~ 99,0 l41.6
7 170.6 241 .4

In general, these results are lower tﬁén those found in
previous years. This may be due to the fact that the ("low")
flow in August and September of 1979 was actually higher than
it was during most other sampling periods in previous years.

Bottom Fauna

During the two Red River field trips in 1979 fish
food organisms were taken as usual on rubble substrates =zt
stations 1 to 5., The new downstream stations 6 and 7, howéver,
were visited for the first time and presented a problem. At
Station 6, 0.8 km downstream from the hatchery, the percentage
of rubble substrate was markedly reduced, and the stream bed
cousisted chiefly of small to large boulders. Nevertheless, -
we did locate an area suitable for quantitative and quantitative
samples. Rubble is well known as the most productive kind of
substrate,uand since it accounted for less than 10% of the total
bottom area near Station 6, we may assume that the stream as a

whole is a poor producer in this particular area,
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. In the area of Station 7 we were unable to locate any
suitable rubble substrate. The stream bed here consists almost
enfirely of low-producing boulders and bedrock. In addition,
the water was almost everywhere quite deep over the very narrow
stream bed so that the Surber sampler could not be used even if
there were suitable fubble bottom. Consequently we have no
bottom fauna data from Station 7. We did, however, see a few
caddis larvae cases on some of the rocks.

In general, the same genera and same'orders of bottom
insects made up the bottom fauna in 1979 &s in previous years.
Furthermore, we coﬁld see no significant differences between
the relative proportions of Ephemeroptera (mayfly nymphs),
Trichoptera (caddis larvae), Plecoptera (stonefly nymphs), &nd
Diptera (fly larvae) in 1979 as compared with previous years.,

~As in previous years, the Red River had a low species

diversity. Forms taken in 1979 were as follows:

Ephemeroptera Trichoptera Plecoptera
Bzetis Brachycentrus Sweltsa
Cinygmula Hydropsyche Pteronarcella
Lpeorus Arctopsyche isoperla
Eohenperella Sp. EDP.

STD.
Diptera Miscellaneous
Atherix Physa
Chironomidae ytiscidae
Tipulidae
Simuliidae
S ———
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Since we-have bottbm faunandata from as far back as
1971, perhaps the most accurate way to judge the 1979 situation
is to compare the average productivity 6f 1971-1979 with the
1979 population. Such data are as follows, expressed as grams

of organisms per square meter of substrate.

Station 19711979 August 1979 - September 1979

1 2.8 | 1.6 0.4

1A 6.6 _ 0.6 ‘ 0.6

2 3.4 0.2. , 1.0

% 4,6 ' 2.4 2.0

4 2.4 ' |

5 12.3 Sk 1.0

6 l.4 _ 1.7 o l.4
(Average) 4.8 S B ‘1.1

The 1979 productivity was quite low, although not as
low as the productivity in certain other‘small Front ﬁange
mountain streams. Undoubtedly the situation in 1979 was the
direct result of the abnormzlly high runoff during the spring
and early summer. Such spates, especially if continued for some
months, have the effects of (1) dislodging and washing bottom
organisms downstream, (2) macerating the organisms by the molar
action of sand and gravel, and (3) by inhibiting reproduction.
In'SPite of the most turbulent conditions, however, there are
always a few eggs and immatures below the substrate surface
that function as a "seed" population when conditions return to
normal. Thus, there is no question about the regeneration of
normel faunal densities in the Red River by the summer of 1980.
The present writer has seen other streams successfully "recover"

from similar spates.

e e
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Lithophyton

| The high water of spring and summer of 1979 had a
severe scouring effect on thelthin layer of living and dezad |
organic matter normally covering all exposed surfaces on stream
beds. This material, consisting of microdetritus, algae, and
bacteria, servéé as a food source for the bottom insects.
Results for 1979 are as follows, expressed as mg of organic

matter collected per 5-minute sampling period.

Station August 1979 . September 1979
1 l.1 26.8
1A 4,0 : 4.3
2 ' - 8.9
3 l.1 234.,2
5 8.6 133.4
6 ‘ 9.0 124.8

Note the marked increase between August and Septembér. This
augurs weli for food conditions for'aquatic insects, and is
further evidence of the rapidity of biotic recovery in the.

Red River. Although the vast majority of particulate material

in all lithophyton samples was non~living, there was nevertheless
a noticeably greater percentage of living algal cells in

September than in August,



‘ | a 10
SUMMARY

" In 1979 two further field trips were made %o monitor
biotic conditions in the Red River, 6ne in August and one in
September. In addition to the usual six river stations, two new
ones weré added. One (number 6) was located 0.8 km below the
west edge of the Fish Hatchery and the other (number 7) 0.4
km above the mouth of the Red River. Sampling of bottom fauna was
difficult at station & and impdssible at station 7 because of
the boulder-bedrock substrate, deep water, and swift current.

| Temperature conditions were all "normal," and turbidiﬁy
was low and negligible, |

The stream bed showed great evidence of scouring and
cleaning by ﬁhe torrential spring and summer runoff. This is
believed to be a bilotic improvement.

| Dissolved oxygen, free carbon dioxide, bound carbon
dioxide, and total dissolved solids were all "normal."

The standing crop of bottom insects was greatly
reduced but it was no worse than the population in nmany other
small mountain streams. There is no doubt that this situation
was produced by the long spate of 1979. There was no evidence
of exterminatiqp of any species., Restoration of normal
population con%%ions should be achieved by the summer of 1980.

The lithophyton was also much reduced for the same
reason, but September already showed considerable recovery
over August conditions,.

Molycorp operations had no effect upon the econonmy

of the Red River inm 1979.
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CONCLUDING OBSERVATION
Samplirig in 1979 showed conclusively that a natural
stfeam catastrophe of much greater magnitude than any man-made
catastrophe can be tolerated by the stream organisms, and that
populations -are quick to regenerate and move towgrd normal

levels,
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INTRODUCTION

On 18-19 July 1981 we continued our biological

monitoring of the Red River. Our list of sampling stations is

as follows:

Station 1 ~ 100 meters above the Molycorp fence line.

Station 1A -~ just above the Goat Hill campground.

Station 2
Station 3
Station 4
Station S
Station 6

Station 7

just above the Eagle Rock campground.

100 meters above the mouth of Pope Creek.

Pope Creek; 50 meters above its mouth.

200 meters above the Fish Hatchery.

0.8 km below the west edge of the Fish Hatchery.

O.4 km above the mouth of the Red River. (Because of

illness conmbined with the excessive heat on the morning of

20 July, we could not make the descent to this (last)

canyon station. This is a torrential boulder station which

is not so important as the other seven upstream stations.)

for comparison with data reported in previous years. Methodology

follows those procedures used in all other Red River reports, to

This report is intentionally brief and is designed

which reference should be made for details. Pertinent literature

references are also to be found in earlier reports.

1981 RUNOFF

In 1979 and 1980 the Red River runoff was abnormally

high, in striking contrast to 1981 when the runoff was much

below normal. The biotic data gathered in 1981 are therefore

especially useful for detecting low-water faunal changes which

might be ascribed to natural conditions as opposed to any

silting resulting from Molycorp's operations.

o —n— .
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RESULTS AND DISCUSSION

- Physical Conditions

Temperatures - taken routinely; these data show

changes from July conditions in previous years, presumably
because of low water and high air temperatures in 1981. Stations
1 through 3, especially, were several degrees above "normal.ﬁ
However, none of the readings were high enough to indicate any

damage to the aquatic -community.

Station 1 17.8°
14 18,0
2 19.0
3 12.8
4 20.0
5 15.8
© 18,0

Visual turbidity - Stations 1A and 2 showed slight,

but normal, silting. Stations 1, 3, 5, and 6 had negligible
silting. Station 4, however, carrying runoff from the Molycorp
settling pond was clearest of all. Stream biologists characterize

u w in-c .
such water as lear."

Gravimetric turbidity - The organic fraction of the

suspended load was less than 0.2 mg per liter at all seven

. stations, and the inorganic fraction was everywhere less than

5 ng per liter. Collectively, these are the lowest readings we

have ever mnade on the Red River.

— o ———
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Stream Bed Conditions

The appearance of the stream substrate in 1981 was
generally similar to conditions in 1979 at stations 1, 3, 5,
and 6., The bed of Pope Creek (Station 4) was entirely free of
fine tailings, in contrast to the situation in 1978.

Stations 1A and 2 in the present year, however, still
had hard-packed tailings obscuring some of the substrate between
boulders and pieces of rubble,’especially near the water's edge.
Nevertheless, the situation was somewhat cleaner than we found
it during our previous visit in 1979, These two stations (at
. Goat Hill and Eagle Rock) are the only continuing problems.

Both the stream bed and the streamside soils are slow to be
cleared of their residual tailings by fhe normal surface
drainage and stream scouring action.

Chenmical Conditions

Dissolved oxygen and free carbon dioxide determinations
were considesed superfluous and were not made in 1981. All Red
River oxygen readings in previous years were close to 100%
saturation, as is customary in white-water mountain streams; and
all free csrbon dioxide readings in previous years were 2 to 3 parts
per million, also in keeping with conditions in such streams.

Bound carbon dioxide - All readings were in the medlum—

hard range (10 to 40) and similar to data taken in previous years.
In general, these levels of bound carbon dioxide are higher than
we expect in Rocky Mountain montane flowages; they indicate =&

favorable level of biological productivity.

M-00000769
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Station bound 002

1 - 28.8
1A 23.5
2 22,0
3 , 7.0
4 26.5
5 36.0
6 40.5

Hydrogen-ion concentration - pH readings were similar

to those of previous years, and ranged from pH 7.4 at Station 2

to pH 8.1 at Station 6. Most montane stream waters in our area

usually range from pH 6.8 to 7.%, so the Red River is markedly

more alkaline and, potentially, more productive.

Total dissolved solids - Represeﬁtative determinations

of TDS showed some unusual results:

Station 1
2 189.7
4 2432,9
5 588.5

98.5 mg per liter

All figures are higher than midsummer data we have for past years.

Stations 1, 2, and 5 show the normal downstream increase in

dissolved solids as it is manifested in any flowage. The specific

amounts, however, are probably a reflection of low flow in the

Red River in 1981, - a widespread phenomenon familiar to

hydrologists. The water at Station 4 (Pope Creek) is runoff from

the Molycorp settling pond, and this is by far the highest TDS

figure we have ever found
. however, no evidence that
the Red River water below

the oprosite may be true.

in our Red River studies. There is,

such water has a damaging effect on

the mouth of Pope Creek. In fact, quite

——
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BIOLOGICAL CONDITIONS

Bottom Fauna

In general, the same genera of bottom insects made
up the bottom fauna in July 1981 as in previous years. Further-
more we could see no significant differences between the relative
proportions of Ephemeroptera (mayfly nymphs), Trichoptera (caddis
larvae), Plecoptera (stonefly nymphs), and Diptera (fly larvae)
in 1981 as ‘compared with previous years.

The wvariocus taxa taken in 1981 are as follows:

Ephemeroptera Trichoptera Plecoptera
Baetis Brachycentrus Pteronarcella
Cinygmula Arctopsvche Isoperla
Ephemerella Hydropsyche sp. A

miscellaneous Orthotrichisa sp. B
Elmidae Sp. A& Diptera
Annelida sp. B Atherix
rlanarians ‘ sp. C Chironomidae
Physa Simuliidae

Tipulidae

This list of 22 forms exceeds all other collections that we have
made from the Red River, the usual list amounting to only 12 to
17 taxa. It is difficult to tell whether or not this represents
permanent improvement in the structure of the biotic community,
chiefly because of the variable structure of the'bottom fauna.
But at any rate the outlook is encouraging, and the species make-
up of Red River is a better situation than we usually can count

on in montane streams.

M-00000771



An equally critical measure of the bottom fauna is
based on gravimetric determinations, and our 1981 data may be
compared with data taken on 12 previous visits to the Red River,

as follows, expressed as grams of organisms per square meter of

stream bottom.

Average of Range for
12 previous 12 previous
Station July 1981 gsite visits site visits
1 26.5 5.0 0.t ~ 743
1A 3.0 8.2 0.3 ~ 32.3%
2 1.5 5.6 0.5 -~ 16.5
5 6.7 4.8 0.8 - 17.3
4 1.8 2.4 0.1 ~ 10.9
5 4.9 13.0 1.0 - 51.6
6 6.7 1.4 1.4
AVERAGE 73 5.2 0.6 - 19,6

Because of the many (quintuplicate) sampleé taken
during the Red River investigations,.the data in this table
are quite significant. The wide wvariations from time to time
and from station to station are typical of stream insect
populations where individual species have their maxima and
minima at widely different times and where the abundance of
individuals within each species likewise varies from season
to season and from year to year.

The data for Station 4, however, are not typical.
This is Pope Creek, and the fact that it is periodically dry
makes it difficult for a normal insect population to become

established. As a result, the average density figures are low.

—~

| M-00000772




Stations 1A (Goat Hill) and 2 (Eagle Rock) are 8
perrenial problems, and their reduced populations are |
undoubtedly due to the persistent compact deposits of fines
derived from breaks in the slurry line. This is not a major
faunal prolem, however, since small unpolluted montane streams
sometimes are even less productive than these two statioﬁs on
the Red River (see Pennak 1977).

As & whole, and aside from stations 1A and 2, the
biotic situation in 1981 can be jﬁdged satisfactory and
improving. |

Lithophyton -

The bottom film of living and dead organic matter
forme much of the food meterial for imsects, and in 1981 it
was much more developed than it was during any previous visit
made by the author, in the magnitude of two to four times
greater. Our 1981 field work was done in July, and ordinarily this
is a time when the lithophyton is still recovering from the
scouring action of the spring runoff. Perhaps the unusual 1981
condition was the result of a generally drier spring and summer.
Detailed lithophyton data are as follows, expressed as mg organic
matter pér S5-minute sampling period.

Station 1 414.6
1A 57.3

6l.5
423,6
252.6
274.8
499.9

W F o
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As might be expected, Stations 1A and 2 were the low pfoducers,
a reflection of the occurrence of compacted fines at these
stations.

The species make up of the living fraction of the
lithophyton was "healthy," consisting chiefly of an assortment
of diatoms. |

SUMMARY

On 18 and 19 July 1981 a monitoring visit was nade
to the usual sampling sites on the Red River. Collection of
data and methodology were identical with those used in all
previous work.

Upstream temperatures (stations 1, 1k, and 2) were
several degrees higher than usual, pérhaps because of low
1981 and hot weather. |

The water was exceptionally clear at all stations.

The stream bed was clean and normal except at stations
1A and 2 where the fines (tailings) from previous breaks in the
pipeline were compacted on the substrate between rubble near ‘
the shoreline. Even at these two stations, however, the
gituation was better than in previous years.

Bound carbon dioxide and hydrogen-ion concentration
readings were similar to those of previous years. High
productivity potential was indicated. The pattern of total
dissolved solids was likewise unchanged except that Pope Creek
water contained a high of more than 2400 mg per liter TDS.
Nevertheless such water continued to have what appears to be

a fertilizing effect on the Red River.

e o ————— !
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The bottom.insect population showed improvement by
the occurrence of longer 1lists of species collected. Gravimetrically,
the Goat Hill and Eagle Rock stations had the lowest insect
populations, as in the past, although there was improvement
here also,. Our July 1981 samples all averaged 7.3 grams of
organisms per square meter. An average for all of the previous
samples {(dating back as far as 1971) was only 5.2 grams per
square meter. The overall improvement is obvious. |

The lithophyton (organic food source) on the rubble
of the Red River was in excellent condition in 1981, - much

higher than at any previous visit.

Even though our 1981 data are based on a single visit
to the Red River, it is clear that the stream is now in better
biological shape than it was at any previous time when the author

visited the area.

e e — i o e = N
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Report No. 052010/

WATER AND CHEMICAL LOAD BALANCE STUDY FOR QUESTA TAILINGS
FACILITY, QUESTA, NEW MEXICO

1 INTRODUCTION

1.1  Terms of References

On September 21, 1899, Molycorp Inc. filed an application with the Mining and Minerals Division
(MMD) of the Energy, Minerals, and Resources Department of New Mexico for extension of time
for approval of a closeout plan for the Questa Mine, New Mexico, under Permit No. TACO1RE. As
part of this extension request, Molycorp submitted a schedule for milestones and deliverables for
the period December 1999 until anticipated approval of the Closeout Plan. On January 31, 2000
Molycorp submitted a work plan for a Comprehensive Hydrological Balance Study (Task A.11 of
Work Schedule for Mine Site and Task A.3 of Work Schedule for Tailings Facility). This report

summarizes the results of task 4 of the above referenced work plan entitled “Load Maodel for
Tailings Area.

1.2  Study Objsectives

The dbjectives of the present study are as follows

« Develop an annual water balance for the Questa tailings facility for the period 1966-1999 (i.e.

the entire life of operation);

« Develop an average annual load balance for selected constituénts {sulfate, molybdenum,
fluoride and manganese) covering the Iife of the facility (1966-1999).

1.3  Structure of Report

This report presents the results of a study on water balance and chemical load balance for the
Questa tailings facility near the town of Questa, Taos County, New Mexico. Section 2 introduces
the tailings facility and provides background on the historical tailings construction and water
management. Section 3 provides a brief synopsis of the current understanding of the
groundwater system underlying the tailings area. In section 4 the historical tailings deposition is
reconstructed. In section 5 climatic and hydrological factors relevant to the water balance
(evaporation, yield etc.) are derived. The water balance analysis for the tailings facility is
described in Section 6. Finally, the load balance analysis is presented in section 7
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2 BACKGROUND

Molycorp’'s Questa Division owns and operates a large tailings facility focated near the town of
Questa, New Mexico (Figure 1). Over the last 33 years a total of nearly 100 million tons of tailings
from the Questa Molybdenum Mine have been discharged into this facility covering a total surface
area of about 260 ha (640 acres) (as of 1997). The tailings originate from a hydrothermally
altered molybdenum porphyry deposit of volcanic origin. After crushing and grinding the ore is
extracted using froth flotation while the tailings are buffered to about pH 8.5 by adding lime and
are pumped to the tailings impoundment in a pipe line.

The tailings are impounded in two deeply incised valleys (so-called “arroyos”) behind two major
earth fill dams (Dams 1/1C and Dam 4, respectively) (Figure 1). Currently, tailings are discharged
behind the smaller Dam 5 In the northwestern comer of the facility. The tailings facility lies in an
alluvial piain at an elevation of apbout 7600 feet am.s.)., bordered by the Sangre de Cristo
Mountains to the east and the Guadalupe Mountains to the west. To the south, the Red River and

its tributary, Cabresto Creek, have cut a prominent valiey 100 to 200 feet beiow the level of the
alluvial piain {Figure 1). '

21 History

The purpose of this section is to provide an orientation to the Molycorp taitings impoundment and
to briefly outiine the sequence of dam construction from the commissioning of the facility in 1965
to the present. For a more thorough discussion of the tailings impoundment history, particutarly
relating to the geotechnical aspects of the various dams, the reader is referred to RGC Report
052004/1 entitled "Questa Tailings Facility Revised Closure Pian” (RGC, 1998).

The tailings impoundment was created by the construction of dams across two ephemeral
tributaries of the Red River tocated west of the Town of Questa. These two tributaries, known as
arroyos, are adjacent to one another and are oriented in a southwest direction. Figure 2a shows
the tailings impoundment in relation to the Red River, the Town of Questa, and the Guadalupe
Mountain. Figure 2b is a schematlic that emphasizes the main features of the tailings
impoundment, particularly its dams ang ditches. The two arroyos are unofficially named after the
land-subdivision sections in which they are primarily located, namely Section 35 and Section 36.

Table 1 provides a chronalogical listing of the construction sequences invalved in developing the
dams shown on Figure 2b.

Development of the tailings impoundment was initiated in 1965 with the construction of a starter
dam across the Section 36 amoyo at a site some 0.7 miles above the Red River. This dam
{designated Dam 1) was subsequently raised a total of five times, with the last raise occurring in
1971. In 1969, Dam 2 was constructed about one mile upstream of the first dam. The purpose of
this second dam was to contain the tailings deposit from advancing onto property that, at the
time, was not owned by the mine.

in 1971, the tailings impoundment was expanded to the neighbouring arroyo. This was
accomplished by constructing a starter dam across the Section 35 arroyo at a location about 0.45
miles above the Red River. This dam, known as Dam 4, was subsequently raised a total of five
times in the years 1972, 1973, 1975, 1980 and 1982. In 1973, Dam 3A was constructed about
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one mife upstream of Dam 4 to contain the tailings deposit on its north side. This dam was not
extended completely across the valley, so as to allow for the continued operation of a decant
channel excavated into the western valley siope of the Section 35 arroyo. The role of this
particular channel is discussed tater.

In 1975 the storage capacity of the Section 36 arroyo was increased substantially with the
construction of a number of new dams. Instead of raising Dam 1, a new structure was
constructed on the deposited tailings approximately 1200 feet north of the Dam 1 crest. This new
structure, labelled Dam 1C, was oriented parallel to Dam 1. To provide containment on the east
side of the tailings deposit, Dams 18 and 2A were created. As can be seen from Figure 2b, Dam
2A was extended to the north of the east abutment of Dam 2, thus opening up the northern
portion of the arroyo for tailings deposition. Because of this northern extension of the
impoundment, Dam 2 was eventually buried by the tailings deposit. Some tailings have been
deposited in a small area to the east of Dam 18. This deposition took place prior to the 1975
expansion and required that a portion of Dam 1B be constructed on tailings.

In 1980, a cyclone berm was raised several hundred feet upstream of Dam 2A. Then, in the
period 1981 to 1982, Dams 1C, 1B and 2A were raised to their present crest elevation. Also in
this period, a separator dike was constructed on the ridge between the Section 35 and 36
amroyos, extending north from the west abutment of Dam 1C.

In 1990, the area north of Dam 3A was opened up to tailings deposition by constructing Dam 5A
across an old decant channel. The eastern abutment of this dam joins to the northem face of
Dam 3A. Dam 5A was raised in 1996 to its current crest elevation. '

Figure 3 presents the annual record of tailings production deposited in the Molycorp tailings
impoundment. By the end of 1999, tailings production had reached a total of 102 million tons of
tailings. '

2.2 Water Management

The Molycorp mill is located on the northem bank of the Red River some 8 miles upstream of the
tailings impoundment. Tailings sturry produced by the mill is delivered to the impoundment via a
series of pipelines. The slurry typically comprises 38% solids and 62% water by weight.

During much of the facility's life, an excess of water accumulated in the impoundment, which
necessitated making surface releases to the Red River. During the first four years of operation, a
clarification pond was maintained at the upstream face of Dam 1. Excess water was decanted
from this pond, diverted under the dam via two decant conduits, and then conveyed to the Red
River by a ditch. :

In 1970, the decant arangement was significantly modified. The clarification pond was shifted to
the north near Dam 2 and the two decant conduits running below Dam 1 were plugged with
concrete. Excess water was then made to overflow a weir structure located in the bank alongside
Dam 2. This water was then conveyed along a series of two ditches to a small holding pond
called Pope Lake at the south end of the Section 35 arroyo. The first ditch was excavated
through the ridge separating the two arroyos. The second ditch {known as the West Decant
Channel) was constructed along the westemn valley siope of the Section 35 arroyo. From Pope
Lake, the water passed through a cuivert and on to the Red River. Eventually, the culvert was
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replaced with a Parshall flume to allow the decant flows to be measured. The outlet of Pope Lake
is known as Qutfall 001 in the mine’'s NPDES permit. When the Section 35 arroyo was developed
as a repository for tailings, the excess water from this part of the impoundment was released into
the West Decant Channel to join the flow from the Section 36 amroyo.

In 1975, a seepage barrier system was constructed to intercept seepages observed at the toe of
Dam 1 and along the eastern slope of the ridge separating the Section 35 and Section 36
arroyos. A system of pipes was installed to convey the collected seepage directly to the Red
River. The EPA designation for the discharge point of this system is Qutfall 002. This system
has evolved over the years with the addition of extraction welis and new seepage barriers. For

further details, the reader is referred to the closeout plan for the tailings impoundment (RGC,
1698). ’

Aiso in 1975, two drainage channels were constructed around the perimeter of the tailings
impoundment for flood control. These run along the westem and eastem sides of the
impoundment and command basins of 3400 acres and 770 acres, respectively.

In 1983, an ion exchange water treatment plant was constructed alongside Pope Lake to process
decant water (if any) before being discharged to the Red River.
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3 SUMMARY OF GROUNDWATER STUDIES

Molycorp has commissioned several studies over the years to investigate groundwater conditions
in the vicinity of the tailings impoundment (Dames and Moore, 1987; Vail, 1988; Vail, 1993; SPRY,
1993, 1994 & 1995; RGC, 1897). The results of these hydrogeological studies are summarized in
a recent publication by Wels et al. {2000} which is cited below:

Figure 4a shows an idealized geological cross-section running east-west with observed water
levels immediately downstream of the Questa tailings facility. As a first approximation, the local
groundwater system can be divided into an upper (shallow) aquifer system (above an elevation of
~7200 ft) and a lower (deep) aquifer system (below an elevation of ~7200 ft). The shallow aquifer
system consists of a complex mixture of recent alluvial sediments, ranging from coarse,
permeable sand and ﬁravel units to very low permeable clay iayers resulting in very high spatial
heterogeneity at the local scale. The deep aquifer system consists of deep alluvial sediments in
the eastern parts and volcanic rocks from the Guadalupe Mountains in the western parts of the
study area (beneath the Dam 4 arroyo) (Figure 4a). The volcanics have a very high secondary
permeability (in the order of K=1x10-3 m/s) and act as a drain for shallow groundwater flowing
above in the shaliow alluvial sediments (Figure 4a).

Most of the recharge to the groundwater system probably occurs from ephemeral and perennial -
streams (and related irrigation ditches) running off the Sangre de Cristo Mountains, which upen
leaving their mountain courses and entering the plateau area, lose much of their flow to
permeable alluvial sediments. Other sources of recharge are |eakage from arroyo flood flows, and
infiltration of water pumped for immigation. Recharge from local precipitation is comparatively small
(<25-50 mmfyr). Recharge to the volcanics occurs predominantly though leakage from the
overlying alluvial sediments. '

A regional groundwater flow model was constructed and calibrated using borehole logs, observed
water tevels and measurements of accretion and springs flows to the Rio Grande and the Red
River (see RGC Report 0052002/1 for details). The calibrated regional model provided defensible
model boundaries for a local groundwater flow model, which was used to estimate the volumes of
groundwater flowing beneath the tailings facility (RGC 1997). Figures 4b and 4c show the
simulated water level contours in the shallow and deep aquifer system, respectively. The
calibrated flow model suggested that about 2/3 of the tailings seepage from the Dam 1/1C
impoundment would recharge into the shallow aquifer system. The underfiow of shallow
groundwater beneath the Dam 1/1C impoundment is estimated to be about 60 Ifs (2.1 cfs). The
shallow groundwater flows in a southwesterly direction and discharges near the Red River (“cold
springs”) (Figure 4b). (n contrast, tailings seepage from the Dam 4&5 impoundments would
recharge directly into the deep volcanic aquifer. The underflow of deep groundwatei‘ beneath the
Dam 4/5 impoundment is estimated to be about 153 /s (5.4 cfs). The deep groundwater travels in
a westerly direction beneath the tailings impoundments and assumes a south-westerty direction
upon entering the volcanic aquifer, eventually discharging in the Red River Canyon (“warm
springs”} (Figure 4¢).
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4 RECONSTRUCTION OF TAILINGS DEPOSITION

4.1 Purpose and Method
The history of tailings deposition was reconstructed for three purposes:

s to provide a means of assessing the volume of water stored in the voids of the deposited
tailings;

s to simulate how the footprint of the tailings impoundment increased from 1965 to 1999 (to set
an upper limit on the size of the wetted area that was subject to evaporation losses); and,

s to develop a general understanding of the sequence of dam construction used fo create the
tailings impoundment.

The reconstruction entailed two broad tasks. The first was to establish the elevation-area-capacity
(EAC) curves for the Section 35 and Section 36 arroyos. The second task was to create a

spreadsheet mass balance that could be used to simulate the historical deposition of tailings into
the two arroyos. These two tasks are described below under separate headings.

4.2 Elevation-Area-Capacity Curves
The development of the EAC curves involved performing the following six steps:
1. assemble a map showing the pre-mining topography of Sections 25, 35 and 36;

2. on this map, draw contours representing the upstream faces of all the dams used to contain
the deposited tailings,

3. outline the enclosed contours formed by the intersections of the pre-mining topography and
the superimposed contours of the dam faces;

4. measure the planimetric area of the enclosed contours;

5. use the trapezoidal rule to compute the incremental storage volumes between successive
contour intervals; and,

6. accumulate the incremental volumes to create a relationship between elevation and storage.

The resulting relationships between elevation, area and storage volume are tabulated in
Appendix A. it is interesting to note that, not one, but two EAC curves were required for each
arroyo in order to represent the conditions that existed over the entire period from 1965 to 1999.
This was a consequence of the way in which the northern portions of the arroyos were
developed. For example, tailings deposition in Section 36 was originally constrained from
advancing to the north by the construction of Dam 2. In 1875, a new dam was constructed north
of Dam 2, thus opening up the intervening area to tailings deposition. The inclusion of this new
area required that a second EAC curve be generated to represent the expanded geometry of the

tailings impoundment.

A similar set of circumstances occurred in the Section 35 arroyo. Up to and including 1990, Dam
3A was used to contain the tailings deposit on its north side. With the construction of Dam 5A,
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the area north of Dam 3A was made available for tailings deposition. This again required the
specification of a new EAC curve to represent the expanded depositional area.

Two points should be noted about the EAC curves:

« They were derived using a topographic map with 50 ft contours. Although fairly course, these
contours were judged to provide adequate accuracy for the purpose of reconstructing the
histarical water balance.

« In constructing the EAC curves, no explicit allowance was made for increased storage
capacity resulting from the excavation of borrow sites within the tailings impoundment area.
As discussed in the next section, it was necessary to make a small adjustment to the original

EAC curves. This adjustment could be interpreted as an indirect means of accounting for the
borrow areas.

3.

4.3 Filling History _

The foillowing key information, in addition to the EAC curves, was employed in reconstructing the
depositional history of the two arroyos:

«  dry density of deposited taiings (Ms/(Vy + Vs)):
» specific gravity of the tailings solids (Gg);
» water content of saturated, deposited tailings (Mw/Ms);
« annual production record of tailings for the period 1966 to 1999; and,.
» spot measurements of the average elevation of the tailings surface.
Where: Ms is the mass of solids
Vy and Vg the volume of voids and solids respecitively and
Mw is the mass of water. -

All of the above information was synthesized into a spreadsheet that simulated the filling of each

arroyo with tailings. The spreadsheet was designed to perform the following six functions for
each of the 34 years from 1966 1o 1999: '

= distibute the annual tailings production (tons) between the Section 35 and Section 36
arroyos; i

o keep track of the accumulated tonnage of tailings in each arroyo;

s using the dry density, convert the accumulated tailings tonnage to an equivalent deposited
volume (or bulk volume);

» using the specific gravity, determine how much of the deposited tailings volume was occupied
by tailings solids and how much was occupied by void space {which can be filled with water
or a combination of water and air);

+ using the EAC curves, determine the average surface elevation of the deposited tailings in
each arroyo; and, ‘
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« using the EAC curves, determine the total footprint area of the tailings deposit.

By incorporating the above functions, the spreadsheet provided an intemal check on its
calculations. This internal check was the consequence of using two independent methods for
estimating the total volume occupied by the deposited tailings. The first method used two sets of
data: (i) the record of tailings production; and {ii) laboratory measurements of density made on
tailings sampies collected from boreholes drilled into the tailings deposit. The quotient of tailings
tonnage to average density provided the estimate of bulk volume. Table 2 summarizes the
geotechnical data required to implement the first estimation method.

The second means of assessing the tailings volume invelved using the prepared EAC curves and
a set of periodic surveys of the average surface elevation of the tailings deposit. In effect, this
method involved doing a numerical integration to determine the volume of space between the
bottom surface of the tallings deposit and the top surface of the deposit.

The two independent methods provided comparabie results. However, there was enough of a
discrepancy that adjustments were warranted. The following three options were considered for
making the adjustment:

» accept the original estimate of dry density (92 Ib/ft®) as accurate and adjust the EAC curves to
fit (which would invoive increasing all of the incremental volumes in the EAC curves by a
factor of 1.08);

« adopt a dry density of 94.7 Ib/ft® (based on Geocon's average assessment of the saturated
water content of 28.2%) and adjust the EAC curves to fit (which would involve using a
reduced scaling factor of 1.05); or,

» accept the original EAC curves as accurate and adjust the dry density to fit (which would
require adopting a value of 99 Ib/Ft).

Both of the independent methods have some uncertainty associated with their estimates. In
recognition of this, the second option was selected so that slight adjustments were made {o both
techniques. Figure 5 presents the results obtained fram the spreadsheet after making the
required adjustments. The top plot on this figure shows how the tailings volume increased in the
Section 36 arroyo from the commissioning of Dam 1 (1966) to the present. The bottom plot
provides similar information for the Section 35 arroyo. The top line on both plots denotes the bulk
volume of tailings. This bulk volume is subdivided into its three components (i.e., the volumes
accupied by solids, water and air). The methed for determining how much of the tailings voids
were occupied by air is described below in Section 6. The analysis indicates that the deposited
tailings have a total volume of 79.8 miltion cubic yards, or 49,500 acre-ft. The estimated average
porosity (Vu/(Vy + Vs)) is 43%. '

The above discussion focussed on assessing the total volume of tailings in the Molycorp facility.
The remainder of this subsection is devoted to explaining how this total tailings production was
distributed between the two arroyos. Basically, this was done using a trial and error approach.
The following four items were used to guide the approach:

« record of how the highest crest elevation on the dams changed with time from {965 to 1999;

+ the year in which tailings deposition was initiated in each of the two arroyos;
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s spot reports of how the tailings were apportioned between the two arroyos (obtained from
ingpection reports for the tailings impoundment); and,

« some measurements of the average overall tailings surface elevation (extracted from maps of
the impoundment and various design reports).

White all four of these items provided clues as to how the tailings production was apportioned, the
first item was by far the most important. Two reasons exist as to why the record of highest dam
crests proved invaluable. Firstly, it provided an upper limit on how high the average tailings
surface could be at any one time in each of the two arroyos. Secondly, the record indicated
episodes when the dams in the two arroyos had recently been raised. A reasonable assumption
was made that the greater proportion of a given year's tailings production should be deposited in
the arroyo which experienced the latest raise to its system of dams (i.e., most of the tailings
should be placed in’the impoundment with the greater amount of unfiled storage capacity).
Figure 6 shows the plb'gs used to implement the apportionment technique. The top plot displays
the simulated average tailings surface elevation as a function of year for Section 36. The bottom
plot provides the same information for Section 35. Dashed lines are superimposed on both plots
to mark how the dam crest elevations changed with time. As can be seen, the estimated tailings
levels remain always below the crest elevations.

Based on the analysis above, the Section 36 arroyo holds approximately 47.3 million cubic yards
of bulk tailings (59%) while the other arroyo contains the remaining 32.6 million cubic yards
(41%). In terms of mass, the estimaled split is 60.4 milion tons and 41.6 million tons,

" respectively.
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5 CLIMATE AND HYDROLOGY ANALYSES

§.1 Objectives and Method

Preparation of the water balance required an understanding of four components of the
hydrological cycle, namely: precipitation, evaporation, runoff yield and groundwater. - This section
describes the steps undertaken to quantify the first three components. The assessment of
groundwater conditions has been the subject of a number of investigations over the years,
including the development of a numerical model for the tailings area (see section 3). Based on a
review of all available data these earlier estimates of groundwater flow were used to complete the
present water and load balance study.

52 Precipitation =

The precipitation regimé of the tailings impoundment was characterized using a long-term climate
record collected at the community of Cerro (NWS Station 291630). This station has been
relocated a number of times throughout its history to different parts of Cerro. its current location,
where it has been since August 1978, is some 3.5 miles north of Dam 1 at an elevation of 7650 ft.

The data collected at this station were subjected to two types of processing. Firstly, estimates
were made for missing data in the daily record (a process known as "patching’). The record
hegins in 1946 but the data patching was restricted to the period 1959 to 1999, Qver this period,
most of the breaks in the record were only for short periods of 2 days or so but some spanned
several weeks. Qverall, the record was found 10 be 96.1% complete. Estimates for the missing
data were obtained from the precipitation record of the Town of Red River, located about 12 miles
to the east of Cerro. The Town of Red River is at a higher elevation so the precipitation values
had to be scaled before being entered into the Cerro record. The scaling factor adopted was the
ratio of the mean annual precipitation (MAP) at Cerro to the MAP at Red River, which worked out
to approximately 60%. After the patching was complete, the daily values were accumulated to
create an annual precipitation record for Cerro.

The second processing step was to check the consistency of the record (i.e., to determine
whether the record had any systematic erors due t{o a change in instrumentation, gage location,
or some other cause). _This was accomplished by preparing a double-mass plot using the data
from the Town of Red River as a base (see top plot on Figure 7). This plot revealed that the
Cerro record indeed had a systematic error. The pericd from 1979 to 1999 was receiving
relatively more precipitation than the earlier period. It is noteworthy that the kink in the double-
mass plot coincides with the date of the latest relocation of the Cerro gauge. This suggests that
the new location receives slightly more precipitation, on average, than the old location. The
annual precipitation values for the period 1960 to 1978 were scaled by a factor of 1.16 to make
them consistent with the values of the more recent period. Using the patched and consistent
precipitation record, the MAP for Cerro works out to 13.6 inches.

Two points should be noted about the double-mass analysis:

* The possibility existed that the inconsistency was not in the Cerro record but rather in the
Red River recard. To test this possibility, a double-mass plot was created between the data
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of Red River and Eagle Nest (located some 23 miles southeast of Cerro). This plot (see
bottom graph on Figure 7) suggests that the Red River record is consistent and the problem
did, in fact, lie with the Cerro record. '

¢ The double-mass plot identifies only systematic emors in the precipitation recaord and not
long-term wet and dry cycles in the climate. This is because both the station being checked
(Cerro) and the station being used as a hase (Red River) would be similarly affected by the
climate cycles. ' A

5.3 Evaporation

Two rates of evaporation were of interest, namely lake evaporation and evapotranspiration. The
former refers to evaporation from a free-water surface while the latter refers to evaporation from a
land surface, including transpiration from vegetation. Both rates were estimated using a
computer mode! known as WREVAP, which was developed by Environment Canada’s National
Hydrology Research institute {(NHRI, 1985), The lake evaporation component of the model has
heen tested against the results of detailed water-budget estimates for 11 lakes in North America
and Africa. The evapotranspiration component, on the other hand, has been tested against the
long-term water-budget estimates for 143 experimental river basins in North America, Ireland,
Australia and New Zealand (Morton, 1983).

The meteorological inputs to the WREVAP model comprise humidity, air temperature and global
solar radiation (or sunshine duration). Of these three factors, only temperature is measured in
the near vicinity of the tailings impoundment (i.e., at Cerro). This precluded using the model to
obtain a direct estimate of evaporation for the tailings impoundment. Instead, the model was
used to estimate lake evaporation and actual evapotranspiration at climate stations in the general
region. Observed trends in the estimated evaporation rates at these regional stations were then
extrapolated to the study area.

Three climate stations, located at Albuquerque, Alamosa and the Molycorp mill site, were
identified as candidates for the analysis outlined above. The first two are long-term stations
operated by the National Weather Service. The third station was established by Molycorp in
December 1995 and has operated ever since, with only a few small gaps of missing data. Figure
8 displays the results of applying the WREVAP mode! to the meteorclogical conditions at the
three stations. The top graph shows estimates of mean monthly lake evaporation while the
bottom graph shows the monthly distribution of actual evapotranspiration.

The estimated average annual lake evaporations at the three stations ranged from 40 inches to
57 inches. An examination of Figure 8 suggests that lake evaporation tends to decrease with
elevation. Given this trend, the evaporation estimate for Alamosa of 46.5 inches was used to
represent the evaporation conditions at the tailings impoundment. The elevation of this station
{7536 ft) is virtually identical to that of the tailings impoundment (approx. 7500 fi).

The estimated average annual evapotranspiration rates were 6.9, 15.0, and 16.2 inches,
respectively, for Albuquerque, Molycorp mill site and Alamosa. In contrast to lake evaporation,
elevation is a poor predictor of evapotranspiration rates. Water availability (i.e., precipitation plus
irrigation) appears to be a better predictor. insufficient information was available to quantify the
relationship between annual evapotranspiration and water availability. However, it is likely that
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the evapotranspiration rate for the tailings impoundment lies between the values estimated for
Albuquerque (6.9 inches) and the mill site (15.0 inches).

Pan evaporation data collected in the region were used to partially validate the resuits obtained
from the WREVAP model. As well as estimating lake evaporation and evapotranspiration, this
model also assesses pan evaporation rates. Figure 9 is a comparison of WREVAP-estimated
pan evaporation rates with observed pan evaporation rates. As can be seen, there is close
correspondence between the two sets of values, especially when the dependency of evaporation
on elevation is factored in. As a check on the WREVAP-estimated lake evaporations, the
observed pan data from Santa Fe were adjusted using a typical pan facter of 70% and then

- plotted on the top graph of Figure 8. The adjusted pan values lie very close to the computed lake

evaporation values for Alamosa. Given that the Santa Fe climate station is located at a similar
elevation as thé tailings impoundment (7200 ft vs 7500 ft), this close correspondence between
the adjusted pan values and the WREVAP lake estimates suggests the adopted lake evaporation
values for the tailings impoundment are accurate.

54 Yield

Yield refers to the portion of precipitation falling on a basin that subsequently contributes flow to
the local stream network. In other words, it is the portion of precipitation not evaporated. The
yield makes its way to the local streams via two routes: overland and through the groundwater
system. The relative importance of these two routes varies from basin to basin and largely
depends on the climate and the basin geology. The tailings impoundment is in a semiarid region
and overlies permeable rock types. Accordingly, during most years, the yield is delivered to the
stream network almost exclusively through the groundwater system. This statement is supported
by an observation made about the two diversion channels constructed around the tailings
impoundment. With the exception of small, intermittent inflows to the East Drainage Channel
from irrigation ditches, the two diversion channels show no evidence that they have ever camied
runoff over the 25 years they have been in place (Vail, pers. Comm.).

No direct measurements exist of the yield from the five tailings impoundment sub-basins.
Obtaining such measurements would virtually be impossible owing to the fact that the yield is
conveyed exclusively through the groundwater system during most years. In the absence of
direct measurements, the yield was assessed using a flow-estimation technique developed by the
USGS for the Taos Plateau (Heame and Dewey, 1986). ‘The Taos Plateau experiences similar
hydrological conditions as the failings impoundment area (i.e., a small yield that is usually
conveyed exclusively through the groundwater system). Furthermore, no direct measurements of
yield are available. To compensate for thislack of direct measurements, the USGS estimated the
yield of the Taos Plateau from the experience gained at dry basins located elsewhere in New
Mexico. For their analysis, the USGS assembled streamflow data from a total of 16 gauged
basins. All of these basins resembled the Taos Plateau because they received a small annual
precipitation. However, the basins differed in that they overlaid rocks of low pemmeability. The
USGS made the assumption that the measured flows at the outlets of these basins represented
the total basin yield {i.e., groundwater bypass under the gauging station was assumed to be
negligible, based on the impervicus nature ¢f the basins).
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The USGS fransferred the data from the 16 basins to the Taos Plateau using a multiple
regression of mean annual water yield against three independent variables: mean winter
precipitation, channel slope, and drainage area. This technique was meant to assess the runoff
from a whole basin and not its component subbasins. Because of this, it proved difficult to
directly apply the technique to the subbasins outlined for the tailings impoundment, particularly
Subbasins 2, 4 and § which do not include headwater areas. For these three subbasins, some
uncertainty existed as how to define representative channei slopes and drainage areas for input
to the multiple regression equation. To get around this problem, the USGS technique was
modified so that mean winter precipitation was the only independent variable in the regression
analysis. As it tums out, mean winter precipitation is the most important of the three variables in
explaining the variation in annual yield amongst the 16 USGS basins. Figure 10 is a graphical
representation of the modified USGS technigue. The vertical axis shows values of mean annual
runoff (i.e., yield) expressed as an equivalent depth of water. The horizontal axis shows values of
mean winter precipitaji{:n, with the winter being defined as the 7-month period from October to
April. Given an averagé winter precipitation at Cerro of 5.3 inches, the relationship indicates the
average yield of the tailings impoundment subbasins is approximately 0.4 inches.

The estimated average annual evapotranspiration values for Alamosa and the Molycorp mill site
provide partial verification that this yield value is reasonable. Given an average annual yield of
0.4 inches and a MAP of 13.6 inches (Cerro), the average annual evapotranspiration rate for the -
tailings impoundment area would be 13.2 inches. This compares well with the 15.0 and 16.2
inches estimated for, respectively, the Molycorp mill site and Alamosa. Both of these sifes would
be expected to have somewhat higher evapotranspiration rates. The mill site is located in a
slightly wetter area and Alamosa, although having a lower MAP than Cerro, is located in a region
of extensive irrigation. An annual evapotranspiration rate of 13.2 inches is equivalent to about
28% of the estimated average annual lake evaporation rate for the tailings impoundment.
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6 WATER BALANCE ANALYSIS

6.1 Study Area

The first task in setting up the water balance was to define the boundaries of the study area. For
many tailings impoundments, this involves oullining a limited area located above the tailings
dams and below the diversion ditches. For the Molycorp facility, however, such an area was
judged to be too small because it would not adequately account for the large aquifer system
underlying the tailings impoundment and, in particular, would not include the points of
groundwater discharge from this system. To help define a suitable study area, reference was
made to a recent and comprehensive investigation of the groundwater conditions in the vicinity of
the tailings facility (RGC, 1997). This investigation examined the groundwater conditions at a
regional scale and subsequently at a smaller, local scale (see section 3). in both cases, a
numerical model was developed to represent the groundwater system. Both models were
calibrated against water table readings and observed groundwater discharges (i.e., springs and
accretion rates to the local streams). One of the objectives of the regional groundwater model
was to examine the coarse details of the regional aquifer system and to determine possible
migration routes for seepage from the tailings impoundment. This model demonstrated that ali
such seepage would eventually migrate to the Red River and no portion would follow a route
through the Guadalupe Mountains to the Rio Grande. Furthermore, this model indicated that
seepage-affected groundwater would discharge in the reach of the Red River between the
Highway 3 bridge and a point just downstream of the State Fish Hatchery (see Figure 4c). The
local groundwater model was set up to focus on the part of the groundwater system that
discharged in this reach of the Red River. its boundaries were defined using results obtained
from the'regional groundwater model.

The boundaries of RGC's local groundwater model were adopted to represent the groundwater
portion of the ftailings impoundment water balance. Figure 11 shows these boundaries
superimposed on a map of the general area. The Red River forms the southern boundary while
Cabresto Creek forms part of the eastem boundary. The remainder of the eastem boundary is
formed by a constant head boundary, which parallels the 7480 ft head contour of the regional
phreatic surface. The western and northern limits of the local groundwater model are defined by
no-flow boundaries.

With the groundwater portion of the water balance defined, the next requirement was to specify
the study boundaries at the ground surface. Given that infiltration from the surface is one
companent of the flow in the groundwater system, it was desirable to define a study area that
substantially overlapped the outline of the local groundwater mode!. Figure 11 shows the
selected outline. The southem boundary was made to coincide with the stream channel of the
Red River. The westem, northern and eastern boundaries were defined by topographic divides.

6.2 Conceptual Rapresentation

With the study area defined, the next task was to conceptualize the tailings impoundment as a
system of interlinked components. Components can be thought of as physical features that exert
some influence on the storage and/or movement of water. Two types of components were
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adopted, subbasins and groundwater aquifers. For the former type, the total study area was
subdivided into 5 subbasins, as dictated by the locations of dams and diversion channels {see
Figure 2a). Two of the latter type of component were selected, a shallow aquifer and a deep one.
Details on these aquifers are discussed later.

Figure 12 shows how these components were organized into a conceptual representation of the
tailings impoundment and its adjoining areas. This figure comprises two flowsheets, one for the
ground surface and the other for the underground. Boxes on these flowsheets symbolize the two
types of components. Subbasins are used exclusively in the first flowsheet and aquifers in the
second. Numbers in the upper, left-hand comer of the "subbasin” boxes comespond to the
Subbasin ID Nos. used in Figure 2a.

Lines and arrows on the flowsheets depict the movement of water between the components,
Dashed lines represent flows that occur exclusively through the ground. Wavy lines depict an
evaporation loss. Straight, solid lines cover all other types of flux, including precipitation and
discharge from the tailings lines. Numbers on the lines denate the average annual flow in cubic
feet per second. Storage changes within the components are signified by bracketed numbers
within the boxes. ’

The final symbol used on the flowsheets is a circle with an enclosed letter. These are tabs to
show how the two flowsheets are interconnected. They specify either of two types of flow,
infiltration from the surface to groundwater or discharge from the groundwater system.

The subsections below describe how the flows for the various flowlines were quantified.

6.3 Liquid Fraction of Tailings Slurry

Molycorp maintains a detailed record of the volume of water sent down the tailings fines to the
tailings impoundment. This water is derived from a number of sources; abstractions from a weir
in the Red River; abstractions from welis developed in the Red River valley fill; ore moisture; and,
mine dewatering. The flow measurements for these sources are recorded on a standardized data
form known as the “Plant Water Report” and submitted to the State Engineer Office. Vail
Engineering used these forms to compile a monthly record of the total water diverted from the
mine site to the tailings impoundment via the tailings lines. Their record spanned the period
January 1966 to September 1993, As part of the present study, this record was updated to the
end of 1999. )

These diverted flows can not be strictly defined as the “liquid fraction of the tailings slurry”
because water is also sent down the tailings lines during periods when tailings are not being
produced by the mine. Over the life of the impoundment, two main reasons have existed for
delivering this extra water to the impoundment. Originally, this water was used to maintain ponds
on the tailings impoundment during mine shutdowns for the suppression of dust. in recent years,
the need for this water has subsided because the problem of blowing dust has largely been
mitigated by covering the tailings surface with an interim soil cover and vegetation. Presently, the
main reason for continuing the diversion of water is to provide a means of improving the water
quality in the stretch of the Red River between the mine and the Ranger Station. This is achieved
by pumping water from wells {ocated at the mill site and then diverting this water to the tailings
impoundment. This has the effect of removing heavy metals and other naturally occurring
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contaminants from the alluvium in the Red River valley that would otherwise eventually discharge
to the surface waters of the Red River at downstream locations. The heavy metals contained in
the water pumped from the mill site wells are derived from sources upstream, and not related to,
the Questa mine development. The relative importance of this pumping on reducing chemical
concentrations in the Red River will be investigated in other studies related to the preparation of
the Closeout Plan for the mine (see RGC Report 052008/2 entitled “Workplan for Comprehensive
Water and Load Balance Study, Questa Mine, New Mexico”).

The monthly record of flows diverted to the tailings impoundment is complete for the period 1966
to 1989, with the exception of the first nine months in 1996. During this period, the mine was in a
temporary shutdown but was dewatering the underground mine in preparation for a reopening in
October 1996. To patch the missing data in this period, the assumption was made that the only
water being diverted down the line was that obtained from mine dewatering. Furthermare, the
mine dewatering rate was assumed to remain steady at the rate observed in December 1995, or
the month just before the nine-month break occurred in the record. Over the 34-year period from
1966 to 1999, the average flow rate was 5.8 ft*/s, making this flow stream the largest component
of the tailings impoundment water balance.

6.4 Decant

Over the life of the tailings impoundment, excess water that accumulated in the impoundment has
been released o either of two ephemeral tributaries of the Red River. From the year that the
tailings impoundment was commissioned (1966) to about mid-1970, excess water was released
to the arroyo below Dam 1 (i.e., the most easterly of the two arroyos used to permanently store
the mill tailings). These releases were made via two concrete decant conduits under Dam 1.
Subsequently, these decant conduits were plugged and the releases were directed to the
westerly arroyo below Dam 4 via the West Decant Channel and Pope Lake. Releases to the
westerly arroyo are monitored at the outlet of Pope Lake. The official EPA designation given to
this discharge point is “Qutfall 001”. No surface releases have been made from the tailings
impoundment since June 1990.

Three different techniques were utilized to reconstruct the annual record of decant flows from the
tailings xmpoundment for the period 1966 to 1999. These are described below under separate
headings.

6.4.1 Measured Flosz

Outflows from Pope Lake pass over a flow-measurement weir (known as a Parshall flume). The
date of construction for this weir is unknown but, based on ﬂow records obtained from the
Molycorp files, precedes the year 1978.

The filing system of the Molycorp mine was searched to locate flow measurements for this weir.
As indicated above, this search uncovered data as far back as 1978. Most of these data were
obtained from the Discharge Monitoring Reports that Molycorp submitted as a requirement of
their NPDES permit (No. NM0022306). The assembled record of flows for this weir has many
gaps in it up until February 1985. After this date, however, the record is complete.

The measured flows were used to reconstruct the decant record from 1983 to present. In this
period, data were missing for 7 months in 1884 and 1 month in 1885. For the purpose of the
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water balance analysis, these months were assumed to experience zero decant flows. The lack
of information for these eight months does not have a substantial effect on the overall conclusions
drawn from the water balance analysis. The reconstructed annual decant record is presented in
Figure 13.

6.4.2 Sulfate Balance

As indicated above, direct measurements could only be used to quantify a portion of the historical
decant record. Accordingly, indirect methods were sought to infill the rest of the record. For the
pericd 1876 to 1982, the method adopted was a sulfate balance.

This technique could be used because, during the period August 1975 to December 1985,
Molycorp operated an extensive water quality monitoring program in the vicinity of the tailings
impoundment.  From :August 1975 to November 1976, water quality samples were taken on a
daily basis. Through this period, very few samples were missed. Afterwards, the chemical
analyses were performed on weekly composite samples. Sulfate data for the pericd June 1984 to
February 1985 could not be located and, hence, the sulfate balance procedure coutd not be used
to infill the eight months of missing flow data in the years 1984 and 1985, as mentioned in the
subsection above. ' :

A number of chemical constituents were sampled by Molycorp during the 1975 to 1985 period.
Of these, sulfate was determined to be the most suitable for the flow-estimation technique based
on its tendency to act as a conservative tracer {i.e., under many conditions, sulfate is only
minimally affected by chemical and biological processes and, therefore, remains in the water
column). ‘

To apply the sulfate balance, sulfate concentration records were extracted from the Molycorp
water quality database for the following monitoring stations:

« a point on the Red River upstream of the inflows from Cutfali 001 (Red River at the Questa
bridge);

+ the outlet of Pope Lake (Ouffail 001}); and,

» apoint on the Red River well downstream of the inflows from Outfall 001 where the river and
decant flows would have had an adequate travel distance to become substantially mixed
(Red River just above the State Fish Hatchery).

The sulfate balance examined three distinct streams of water: 1) the discharge from Cutfall 001;
2) all of the Red River flow above the fish hatchery except that portion criginating as discharge
from Qutfall 001; and, 3) the combination of the these two streams. In {otal, these three streams
presented six variables that had to be dealt with by the sulfate balance (namely, the three
concentrations and the three discharge rates associated with the streams). The sulfate balance
is, in effect, a combination of two equations and therefore can be used to estimate the magnitude
of two of these variables, provided values are given for the other four. For the study at hand, the
discharge rates of the first stream (Outfall 001) and the second stream (Red River excluding
Qutfall 001 flows) were treated as the unknowns. Accordingly, it was necessary to specify the
concentrations for all three of the abovementioned streams and the discharge rate of the third
stream (i.e., the total flow of the Red River just above the State Fish Hatchery).
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Of the four “input’ variables listed above, only two were directly measured, namely: the sulfate
concentration of Cutfall 001; and the sulfate concentration of the Red River abave the fish
hatchery. Some additional analyses were required to quantify the remaining two input variables.
The top plot on Figure 14 illustrates the basis for estimating the sulfate concentration of that
portion of the Red River water not originating from the Outfali 001 discharge. This plot shows
how the sulfate concentrations varied in the Red River during 1976 at the Questa bridge and ata
point just upstream of the fish hatchery. A bar graph over the top plot shows recorded periods
when water was spilling from Outfall 001 (denoted by a thick black bar). As can be seen, the
concentrations above the fish hatchery were very similar to those at the Questa bridge during
periods of no discharge from Outfall 001. This observation provided the means of estimating the
guality of that portion of the Red River flows not related to the Qutfall 001 discharge. A
comparison over the full period from August 1975 to December 1985 revealed that the sulfate
concentration above the fish hatchery was about 10 mg/L greater than the. observed
concentration at the bridge during periods of no spill from Outfall 001. Accordingly, the quality of
the Red River water without the influence of the Outfall 001 discharge was set equal to the
observed concentration at the Questa bridge plus 10 mg/L. 1t is interesting to note that no trend
was noted in the difference between the concentrations at these two monitoring points on the Red
River over the period 1975 to 1985.

The fourth input variable to the sulfate balance, the total flow of the Red River above the fish
hatchery, was estimated using streamfiow data collected at USGS Station 08266820. This
station was installed in the Red River below the fish hatchery in September 1978 and has
operated continuously ever since. Two adjustments had to be made {o this streamflow record in
order for it be used in the sulfate analysis. Firstly, it had to be extended back to January 1976.
This was done using a muitiple linear regression with the streamflow data collected at two
upstream gauging stations within the Red River basin {Station 08265000, Red River at the
Ranger Station; and, Station 08266000, Cabresto Creek near Questa). Together, these stations -
monitor the bulk of the flow that passes by the gauging station below the fish hatchery. The flows
estimated with the multiple linear regression are likely quite accurate based on the strong
correlation achieved (* = 0.983).

The second adjustment entailed transposing the streamflow record at Station 08266820 upstréam
to the Molycorp water quality monitoring point (i.e., to a point in the Red River above the fish
hatchery). This was done by subtracting an estimate of the fiow that enters the intervening reach
of the Red River between the Molycorp monitoring point and Station 08266820. An estimate of
the flow entering between these two locations was obtained from a detailed water quality survey
conducted in Aprl 1993 along the stretch of the Red River between the Questa bridge and the
fish hatchery (Vail Engineering, 1993). The report documenting this survey describes the system
of pipelines used by the fish hatchery to intercept spring water upstream of the fish hatchery. The
water conveyed by this system constitutes the main inflow to the Red River in the intervening
reach between the Molycorp water quality monitoring station and Station 08266820. In 1993, the
pipeline system was reported to intercept an average flow of about 13 ft¥s. For the purpose of
the present study, this flow rate was assumed to remain sensibly constant throughout the year
and to be representative of the conditions during the years 1976 to 1982. Accordingly, the Red
River flows above the fish hatchery were set equal to the observed flow at Station 08266820
minus 13 ft¥s. :
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With the four input variables specified, the flow at Qutfall 001 was estimated using the following
equation: '

Qoot = Qoss (Cos — Cuis = ACH(Coor — Cuis — AC)
where: Qg1 = computed discharge from Qutfall 001;
Coor = observed sulfate concentration of Cutfall 001 discharge;

Qps = estimated flow of Red River above fish hatchery (set equal to cbserved flow at
Station 08266820 minus 13 ftals);

Cos = observed sulfate concentration of Red River above fish hatchery,

Cus = observed sulfate concentration of Red River at the Questa bridge, and,

AC = averagé increase in sulfate concentration between the two monitoring points on
Red River during known periods when the flow at OQutfall 001 was zero
(approximately 10 mg/L).

Figure 14 graphically presents the results of applying the sulfate balance to the data for 19768. As
already mentioned, the top plot shows the water quality of the Red River at locations above and
below the inflow from Qutfali 001. The middle plot shows the sulfate concentration of the Outfall

- 001 discharge, together with the estimated water quality of that portion of the Red River flows not

originating from Pope Lake. Finally, the bottom plot shows the daily flows obtained by applying
the above sulfate balance equation. Figure 13 presents the annual average flows estimated by
the sulfaie balance technique for the full period from 1976 to 1982.

6.4.3 Interpreted Flows

Neither measured flows nor suifate balances could be used to establish the annual decant record
for the years preceding 1976. For these early years, the decant flows had to be deduced using a
set of ptausible assumptions. In formulating these assumptions, recognition was given to the fact
that the point of decant from the tailings impoundment was shifted from the Dam 1 amroyo to the
Dam 4 arroyo (Outfall 001) in 1970. This shift probably comresponded with a significant reduction
in the amount of water decanted. During the first four years of the impoundment's iife, the water
behind Dam 1 would have almost exclusively been overlying deposited tailings. Owing to the low
hydraulic conductivity -of the tailings, seepage losses would tlikely have been minimal.
Accordingly, a substantial proportion of the inflows to the system (i.e., precipitation and the liquid
fraction of the tailings slurry) would have been subsequently decanted from the tailings

~ impoundment, via the decant conduits located under Dam 1.

To relocate the decant point to the Section 35 arroya, the mine had to cut a decant channel
through the ridge separating the Section 35 and Section 36 arroyos. Furthermore, another
channel had to be constructed on the westem valley siope of the Section 35 arroyo in order to
convey the decant flows to Pope Lake. While travelling along these two channels, the decant
flows probably experienced substantial seepage losses through the base of the channels,
particularly considering that much of the channel alignment is over highly-permeable voicanic
rock. As a result, the decant flows during the period 1970 to 1975 were probably less than the
preceding period when excess water was decanted through the Dam 1 decant conduits.
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Based on the abqve discussion, different approaches were necessary to estimate the decant
flows for the periods 1966 to 1969 and 1970 to 1975. For the early period, an estimate was made
of seepage losses through the tailings. Details of how this estimate was made are provided in
Section 6.7. The continuity equation (I-O=AS) was then used to estimate the decant flows. In
other words, the decant was set equal to the portion of the total inflows not consumed by
evaporation, seepage, moisture retained in voids, and water stored in the clarification pond.

To estimate the decant flows during the period 1970 to 1975, reference was made to the level of
decant during the succeeding period of 1976 to 1981. During both these pericds the decant was
directed to Outfall 001. Also, both periods were devoid of lengthy mine shutdowns. Based on
these observations, the decant rates during the two periods were probably simiiar, The decant
rate during the period from 1976 10 1981 was 20%, when expressed as a proportion of the total
flow diverted down the tailings lines. This same proportion was used to estimate the annual
decant flows during the earlier period (see Figure 13).

6.5 Measured Seepage

Over the life of the tailings impoundment, seepage has been observed at two main locations:

“downstream of Dam 1 and just east of Dam 4 in the ridge separating the Section 35 and Section

36 arroyos. in 1975, the mine installed an interception system to collect these two seepages and
deliver them to the Red River via a network of pipelines. Since that time the interception system
has evolved with the addition of extraction wells and new cutoff trenches. Full details of the
interception system are presented in the Revised Closure Plan for the tailings impoundment
{RGC, 1998).

Figure 15 shows the monthly record of combined flow from these two seepages. Most of these
data were obtained from the Discharge Monitoring Reports that Molycorp submits to the EPA as a
requirement of their NPDES permit (No. NMQ022306). For the period prior to 1983,
measurements for these seepages were obtained from tailings impoundment inspection reports
and from water quality data sheets located in the Molycorp filing system. - Owing to the nature of
seepage flows, missing data were patched using linear interpolation.

Old inspection reports indicate that a measurable amount of seepage once emanated from the
west abutment of Dam 4. In about 1977, the seepage rate apparently peaked at 300 gpm. A
year later the seepage rate had reduced to 5 gpm and by 1986 to zero.

6.6 Evaporation

Evaporation estimates were required for all 5 subbasins incorporated into the water balance
analysis. For three of these subbasins (Nos. 1, 3 and 5), an assessment was only required of the
evaporation rate from land surfaces {i.e., evapotranspiration). For the remaining two subbasins,
consideration also had to be given to the more prolific rate of evaporation that occurs from ponds
and wetted tailings beaches.

6.6.1 Pond and Beach Evaporation

Ponds and wetted beaches were assumed o evaporate at the same rate. Accordingly, they were
lumped together and designated the “wetted area". This wetted area was further assumed to
evaporate at the equivalent rate as a large lake. Based on these two assumptions, the
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evaporation flux was taken to equal the product of wetted surface area and the lake evaporation
rate {46.5 inches per year).

Many observations have been made over the years of the extent of the wetted surface areas
within the tailings impoundment. These were obtained from aerial photographs and field surveys.
The observations did not span the full period of interest and, accordingly, an estimation technigue
was required to infill missing data. The following information was assembled to implement the
technique:

s a reconstructed record showing how the footprint of the tailings deposit varied with time (in
order to place an upper limit on the size of the wetted area);

» record of observed wetted surface areas (pond plus wetted beach),
* an early (1979) measurement of total pond area (but not wetted beach area); and,
+ an annual record of the water delivered to the tailings impoundment via the tailings lines.

The basic premise of the estimation technique was that the wetted surface area would be
correlated with the amount of water discharged from the tailings lines. In other words, the larger
the inflow rate, the larger the wetted surface area. Figure 16 illustrates the mechanics of the
technique. The top plot graphically presents the first three items listed above while the bottom
plot presents the annual discharge record for the tailings lines. A dashed line is superimposed on
the top plot to show how the wetted surface area was interpreted to vary over the life of the
tailings impoundment. This line was forced to pass through observed data and then to follow,
more or less, the pattem of the tailings slurry discharge record. The total footprint area of the
tailings deposit provided a constraint on how large the wetted surface area could actually be.

In examining Figure 16, it should be noted that, for the most part, the observed values of wetted
surface area are not spot measurements. Rather, they are weighted annual averages of monthly
values. To obtain the annual values, the monthly observations were first weighted according to a

typical seasonal evaporation pattern (see Figure 8) and then averaged. This was done in
recognition that:

* the wetted surface area fluctuated during the year in sympathy with variations in the tailings
slurry discharge, p(ecipitation and snowmelt; and,

+ the size of the welted area during the summer is of greater importance than the size during
the winter for the purpose of assessing the annual evaporation flux.

The above discussion provides the basis en which pond evaporation was estimated for Subbasin
2. For Subbasin 4 (incremental basin of Pope Lake), the anaiysis was much simpler. In this
case, the pond was set equal to 3 acres during periods when water was being decanted from the
tailings impoundment into Pope Lake. Otherwise, the pond was assumed to be completely dry.
The value of 3 acres was reported in early inspection reports of the tailings impoundment.

6.6.2 Evapotranspiration

The tailings impoundment is located in an area where mean annual evapotranspiration is
practically identical to mean annual precipitation. With this observation, the annual record of
evapotranspiration was estimated using the following climatic water balance:
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ET=P-R-4AS
where: ET = estimated annual rate of evapotranspiration;
P = observed annual precipitation at Cerro;
R = estimated annual yield {combined overland flow and groundwater flow), and,
AS = change in storage of soil moisture from beginning of year to end of year.

For the purpose of the water balance analysis, the subbasins were assumed to generate a
constant yield equal to the estimated long-term runoff estimated in Section 5.3 (0.4 inches per
year). Accordingly, the change in storage was set to zero and the annual record of
evapotranspiration was estimated by subtracting 0.4 inches from each annual precipitation value
in the Cerro climate record. :

The above analysis pfdvided a record of annual evapotranspiration rates. These were converted
to annual fluxes by multiplying them by an appropriate area. For Subbasins 1, 3 and 5, this area
was the total drainage area. For the other two subbasins, the value used was obtained by
subtracting the wetted surface area from the drainage area. In this way, double accounting of
evaporation losses was avoided.

6.7 Precipitation

The climate record for the Town of Cemo was used to assess the annual precipitation that fell
over the entire tailings impoundment basin during the pericd 1960 to 1999. Precipitation fluxes
for the individual subbasins were obtained by muitiplying the Cerro measurements by the
measured drainage areas.

6.8 Ilrrigation

Irrigation ditches cross Subbasins 1, 3 and 5. These ditches, known as acequias, are unlined
and undoubtediy contribute flow to the underlying aquifers. No estimates were made of this
contfribution. Historical records of flows conveyed by the individual ditches appear not to be
available. Without such data, the estimation of the ditch leakage would be most difficuit. Losses
from these ditches likely contribute a portion of the observed discharges of the cold and warm
springs located along the northem bank of the Red River between the Highway 3 bridge and a
point just downstream of the fish hatchery.

6.9 Changein Stor&ga

The water balance kept track of two storage elements within the tailings impoundment: ponds and
tailings voids. Different methods were required to assess the changes in the volume of water
stared within these two elements.

69.1 Ponds

No systematic records were maintained of the total volume of water contained in the ponds
overlying the deposited tailings. Despite this, it was possible to approximate the pond volume
using a surrogate variable, the total wetted surface area. Section 6.6.2 provides a discussion of
how the history of wetted surface area within the tailings impoundment was recanstructed.
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Wetted surface area was converted into an equivalent pond volume using the following plausible
assumptions:

« the pond surface at any given time was equal to two thirds of the wetted surface area, and,
» the average depth of the ponds was one metre (3.3 ft).

The first assumption was based on a few observations made by mine personnel in which the
component parts of the wetted area (viz., pond surface and wetted beach) were recorded
separately, and not as a combined number. No information was located to test the accuracy of
the second assumption.

6.9.2 Tailings Voids

The average porosity. of the tailings deposit is estimated to be about 43%. For many tailings
impoundments, knowledge of this parameter is all that is required to quantify the volume of water
stored in the tailings voids. However, this is not the case for the Molycorp tailings impoundment.

. This deposit is under drained by the permeable alluvial foundation soils and has been partialty

dewatered over time under gravity forces. Accordingly, the voids can not be assumed to be
100% saturated. An allowance must be made for the air content of the voids.

Section 4.0 above outiines the procedure used to assess how the void space in the tailings
deposit increased over the period 1966 to 1999. The remainder of this subsection describes how
this void space was partitioned into its air and water phases.

The assessment of air content in Section 36 relied heavily on a seepage study prepared by one
of Molycorp's geotechnical consultants (Geocon, 1983). One of the objectives of the Geocon
study was 10 estimate the seepage rate from the Secticn 36 impoundment. Although the Geocon
study did not provide an explicit estimate of the air content of the tailings deposit, it did provide an
adequate basis from which to make such an estimate.

Two separate analyses were performed using information extracted from the Geocon study. The
purpose of the first analysis was to make a point estimate of the air content in the tailings deposit.
This entailed defining the water table in the tailings deposit for a specific dale. The location of the
water table was used, in turn, to determine the approximate volume of unsaturated tailings in the
deposit. Using an average water content for unsaturated tailings, an estimate was then derived
of the deposit's overall air content. The Geocon study provided two key pieces of information for
conducting this anaIySis: i) a longitudinal section showing the phreatic surface in the
impoundment for January 1982, and, ii) field determinations of the average water content of the
tailings located above the phreatic surface (i.e., the unsaturated zone). With these data, the total
void space of the tailings deposit was determined to be filled with approximately 89% water and
11% air in the year 1982.

The first analysis provided a “snap shot” of the air and water contents of the Section 36 tailings
deposit. An additional analysis was required to assess how these contents varied over the life of
the tailings impoundment from 1966 to present. This was done using different techniques for the
periods preceding and following the year 1982. For the period up to 1982, the mine experienced
no major shutdowns and tailings slurry was delivered to the Section 36 impoundment on a nearly
continuos basis. Based on this, the air content was assumed to linearly increase from zero to the
11% value over the period 1966 to 1982. In the subsequent period, the delivery of water to
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Section 36 was intermittent owing to the temporary mine shutdowns and the development of the
new storage area in Section 35 behind Dam 5A. Due to the fluctuating water supply, a different
approach was required to estimate variations in air content. The adopted approach involved
performing a localized water balance for the tailings voids. During periods of little or no flow to
Section 36, the tailings were assumed to gradually drain, thus increasing the size of the
unsaturated zone. In contrast, the size of the unsaturated zone was assumed to remain stagnant
during periods when tailings were being delivered to Section 36. To apply the localized water
halance, an estimate was required of the net drainage rate during pericds of shutdown. This net
drainage rate was estimated by Geocon to be 0.0036 ft'/day/ft’, based on the following
observations:

+ drainage of the tailings by lowering of the phreatic table involved a reduction in the average
moisture content from about 30 to 15%: and, '

« the average rate of decline in the phreatic surface in the vicinity of Dam 1C was about 5.4
feet per year (during a mine shutdown in the early 1980's). '

The results of applying the above analyses to the Section 36 deposit are displayed on the top plot
of Figure 5. A similar set of analyses as outlined above was also prepared for the Section 35
deposit. The resuits for this second deposit are shown on the bottom plot.

6.10 Infiltration to Groundwater

This is a component of the water balances of all five subbasins. A range of different techniques
were adopted to assess its magnitude, depending on which subbasin was being examined.

For Subbasins 1, 3 and 5, the infiltration rate was set equal to the estimated average yield of the
area. The tailings impoundment is in a semiarid region with low runoff. The analysis described in
Section 5.3 estimated the long-term annual yield of this area to be 0.4 inches, as expressed in the
same units used for precipitation and evaporation. This amounts to 3% of the mean annual
precipitation. Over the period 1960 to 1999, the entire yield was assumed to infiltrate the ground
surface and recharge the underlying groundwater aquifers. No allowance was made for a surface
component of the yield. This assumption appears reasonable based of the already mentioned
behaviour of the diversion channels constructed on the west and east sides of the impoundment
(i.e., there is na evidence or abservations that these channels have ever carried flow, with the
exception of flows originating from irrigation ditches). No allowance was made for fluctuations in
the infiltration rate over the period 1960 to 1999. The fluctuations are likely small because
moisture storage in the soil and rock would tend to attenuate the infiltration rate. in any event, no
significant inaccuracies in the overall water balance are caused by assuming a constant
infiltration rate because this flux is small relative to other components of the water balance.

For Subbasin 2 (the tailings impoundment area), different estimation techniques had to be
empioyed for different periods. For the period preceding tailings deposition (i.e., pricr to 1966},
the infiltration rate was estimated using the same method as outiined above. From 1966 to 1969,
or the period when excess water from the tailings impoundment was decanted through decant
conduits under Dam 1, the infiltration rate was estimated using Darcy’s Law (Q=KiA). The tailings
pond was assumed to fie entirely over the tailings deposit so that all seepage would have to pass
through the tailings deposit. The hydraulic gradient (i) was assumed to be oriented in the vertical
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direction and have a vaiue of 1.0 {i.e., free draining). A vertical hydraulic conductivity (K} of 6.3 x
10® ¢m/s was selected (based on an estimate made by Geocon in their 1983 investigation of the
tailings deposit characteristics). Finally, the cross-sectional area available for flow (A} was set
equal to the estimated footprint of the tailings deposit for the particular year.

The rest of the infiltration record for Subbasin 2, from 1970 to present, was assessed using the
continuity equation (i.e., inflows — outflows = change in storage). In essence, groundwater
infiltration was set equal to that portion of the tailings impoundment inflows that was not
evaporated, decanted, discharged to Outfall 002, stored in the voids of the tailings, or stored in
the tailings ponds. Two important points should be noted about the reconstructed record of
groundwater infiltration for the period 1870 to present:

¢ jts estimated annual values contain the accumulated errors in all of the other water balance
components; and,’ -

¢ for the period prior to 1975, the estimated annual values implicitly include the seepage that
would have emerged at the toe of Dam 1 and along the ridge separating the Section 35 and
Section 36 arroyos ‘(i.e., the seepages that now comprise the flow at Outfall 002). This is
because the measured flow record for Outfall 002 only staris in 1975.

Infiltration from Subbasin 2 has either of two fates. It can recharge the shallow alluvial aquifer

system or a deep aquifer system in deep alluvium/fvolcanics (c. section 3). A method was
required to partition the total infiltration between these two aquifers. This was done in a very
approximate way using the foliowing observations about the tailings impoundment and its
undertying geology:

« infiltration from the Dam 1 arrcyo primarily recharges the shallow aquifer while infiltration from
the Dam 4 arroyo recharges the deep aquifer (based on results presented in RGC’s 1997
modelling study of the groundwater system in the vicinity of the tailings impoundment);

o the surficial deposits in the tailings impoundment area generally have a greater permeability -
than the deposited tailings; and, ‘

« the greatest cpportunity for tailings water to come in direct contact with the surficial deposits
is in the Dam 4 arroyo. This arises for two reasons. Firstly, the vast majority of the decant
channel network lies within this aroyo. Secondly, the process pond behind Dam 5A lies over
both deposited tailings and natural ground. The ponds in the Dam 1 arroyo have tended to
be formed exclusively over deposited tailings.

Based on these points, the deduction was made that the greater proportion of the infiltration from
Subbasin 2 would recharge the deep aquifer. Furthermore, infiltration 1o the shallow aquifer
probably originates primarily from the tailings deposited in the Dam 1 arroyo. An estimate of
seepage from the Dam 1 tailings was based on the 1983 Geocon seepage study that was
referenced above in the section on tailings void storage. The unit tailings dewatering rate of
0.0036 ft¥/day/ft? was used to estimate the amount of infiltration from Subbasin 2 to the shallow
aquifer. The amount of infiltration to the deep aquifer was then calculated as the difference
between the total groundwater infitration and the amount estimated to recharge the shallow
aquifer.

Report No. 05201011 Robertson GeoConsultants Inc.
M-00001772 June 2000



[O—

Ao

v o

Water and Chemical Load Balance - Questa Tailings Facility 26

To assess the magnitude of groundwater infiltration from Subbasin 4 (incremental basin of Pope
Lake), a combination of estimation techniques was employed. Darcy's Law was used to
approximate losses from the bottom of Pope Lake for periods when this reservoir actually
contained water. The hydraulic conductivity of the base of this reservoir was assumed to be 3 x
10” cm/s (based on the vertical hydraulic conductivity of mixed ailuvium used in RGC's 1997
investigation of the tailings impoundment groundwater conditions). The hydraulic gradient was
assumed to be criented vertically downward and possess a value of 1.0. Pope Lake has a
surface area of about 3 acres when full. This area was used to approximate the flow cross-
sectional area for application of Darcy's Law.

The area of the subbasin beyond Pope Lake was assumed fo infiltrate at a rate of 0.4 inches per
year, or the same rate adopted for Subbasins 1,3 and 5.

6.11 Groundwater Flows

The results of hydrogeological studies summarized in section 3 were used to formulate the
conceptual representation of the groundwater system adopted for this water balance analysis
(see second flowsheet of Figure 12). Specifically, the foliowing three flowlines shown on Figure
12 were derived from the existing groundwater model: (i) the groundwater inflow to the shallow
aquifer from water originating outside of the study area (referred to in the groundwater study as
“‘underflow in shallow aquifer’); (i} the groundwater inflow to the deep aguifer from outside

sources (“underflow tin deep aquifer’); and, (iii} the percolation from the shallow into the deep
aquifer system.

6.12 Results of Water Balance Analysis

The water balance for the tailings impoundment and adjoining areas was reconstructed for the
40-year period from 1960 to 1999. This period was selected to encompass the full life of the
tailings impoundment and to also include a short period that pre-dated the development of the
facility. A considerabie amount of data had to be assembied and processed in order to prepare
the water balance. To facilitate working with this large database, the water balance was prepared
on a spreadsheet. The output from the spreadsheet uses an annua!l time step. However, much
of the input data were entered into the spreadsheet at much finer time increments (monthly,
weekly and even daily). This was done to improve the accuracy of computed annual flow rates,
particularly for water balance components that experienced large fluctuations over short periods
(e.g., decant flows). :

The resuits of the water balance analysis are summarized using two types of presentations,
flowsheets and time graphs. The former type was selected to convey an understanding of how
the various water balance components are intercannected and also to show the long-term
average flow rates of all the flowlines. The time graphs, on the other hand, were prepared to
reveal the year to year variations in flow rates for some of the more important flowlines.

The flowsheets were prepared for three periods: i) 1966 to 1999; ii) 1976 to 1985; and, iii) 1992 to
1996. The flowsheets for these periods are presented in Figures 12, 17 and 18, respectively.
The first figure encompasses the full life of the tailings impoundment from the commissioning date
to the present. The second figure covers a 10-year period in which Molycorp conducted an
intensive water quality monitoring program of the Red River in the vicinity of the tailings
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impoundment. This observation period also represents a time period of “full production”. The
third period represents the recent extended “shut-down” period. The latter two periods were
selected to illustrate the influence of active tailings discharge on the water and load balance of
the tailings facility. The waler balance for the shut-down period is the one most relevant to closure
as such conditions are likely to be representative of the first 10 or more years post closure.

The general layout of the flowsheets are described above in Section 6.2. The numbers on the
flowsheets are in units of ft’/s and represent the average flow rate for the entire period
represented by the flowsheet. it should be noted that the averages include years of zero flow.
For example, decant from Pope Lake occurred in 16 years out of 34 years during the period from -
1966 to 1999. Accordingly, to compute the average decant rate for the 1966-1999 flowsheet, the
annual decant rates for this period were accumulated and divided by 34 years, and not 18.

The water balance includes some storage components (e.g. water stored in voids of tailings).
These storages are displayed as bracketed numbers in the bhoxes used to represent the various
components of the water balance. The numbers represent the total change in volume from the
beginning to the end of the pericd of interest. For compatibility with the numbers on the flowlines,
these storages are expressed as fong-term flow rates in units of ft°/s (i.e., total change in storage
over period divided by the number of seconds in that period). A positive value denotes a net
increase in storage while a negative number indicates a depletion.

Figure 19 shows the time graphs. This figure summarizes all of the components of the water
balance for the tailings impoundment proper (Subbasin No. 2). As an aid in appreciating the
relative magnitudes of the various components, all the graphs use identical scales for their x-

‘axes, which run from 0 to 12 ft%/s. The top two graphs show the inputs to the tailings

impoundment, namely: precipitation and water delivered from the mine site to the tailings
impoundment via the taiiings lines. The next four graphs show the outflow streams: evaporation,
decant, measured seepage, and infiltration to groundwater. The final graph shows the combined
annual change in storage within the tailings veids and tailings ponds.

The following observations can be drawn from the flowsheets and time graphs:

« The single largest component of the overall water balance is the flow of groundwater beneath
the facility. The study area defined for the groundwater system (see Figure 11) has an
estimated total groundwater inflow of about 16.8 ft*/s. This is water that originated from
Cabresto Creek and the western slopes of the Sangre de Cristo Mountains. This flow
discharges primarily in the reach of the Red River between the Highway 3 bridge and a point
just downstream of the fish hatchery.

+ The next largest inflow to the system is the liquid fraction of the tailings slurry. Over the

period 1966 to 1999, it has had an average flow rate of 5.8 ft¥/s.

e The single largest outflow component from Subbasin 2 is infiltration to the underlying -
groundwater system (excluding the intercepted seepage monitored at Qutfali 002). Over the
period 1966 to 1999, the average rate of infiltration was estimated to be 2.9 ft'’s. However,
the rate of infiltration fluctuated widely from year to year in sympathy with the volume of water
delivered to the tailings impoundment by the tailings lines.
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No allowance has been made in the water balance for the storage of water in the unsaturated
alluvial sediments below the tailings impoundment. Boreholes drilled in the impoundment show
that these sediments extent to great depth, particularly below the Section 36 arroyo. Given that
the pre-mining water table was also at great depth, these sediments have undoubtedly acted to
attenuate the seepage flows originating from the taitings impoundment. In this attenuation
process, a significant portion of the infiltration from the tailings impoundment would have been
stored in the sediments and, accordingly, would not have discharged to the Red River.
Examination of this storage and its effects on the seepage rate from the tailings impoundment is
beyond the scope of this report. A rigorous assessment of the effect of moisture storage in the
underying alluvium would require the application of a transient unsaturated-saturated flow model.

An “order-of—magnitude" calculation was performed to provide a first approximation of the size of
this available moisture storage. The calculation was based on the following information and
assumptions: -

« area of Subbasin 2 is 2.0 square miles;

+ the average depth of soil available for storing seepage below the Section 35 arroyo ranges
from 15 ft to 30 ft (assuming the depth of alluvium either tapers to the north or remains similar
to the depth of alluvium indicated by the boreholes in the vicinity of Dam 4};

» the average depth of alluvium below the Section 36 arroyo but above the pre-mining water
table falls in the range of 50 to 150 ft (based on the geologic logs available for this arroyo and
reasonable assumptions regarding the slope of the pre-mining water tabie as it extended
northward from the Red River) ; '

« the moisture content of the alluvium was assumed to increase over the life of the facility by
10% (volumetric). This estimate was based on a soil moisture characteristic curve developed
for a sample of alluvium material (see Figure 4.3 of RGC, 1997). This curve shows a
volumetric moisture content of 18% at 10,000 cm suction and 30% at full saturation.

Based on the first three items, the bulk volume of unsaturated soil below the tailings
impoundment falls in the range of 2 to 5 billion cubic feet. Assuming the water content of these
soils has increased by 10% from 1966 to present, the volume of water stored would be about 0.2
to 0.5 billion cubic feet. Averaged over the 34-year life of the impoundment, these volumes are
equivalent to long-term accumulation rates of about 0.2 ft*/s and 0.5 ft%/s, respectively.

In the following section the estimate of infiltration to groundwater derived from the water balance
analysis is compared to earlier estimates of seepage from the Questa tailings facility derived by
other independent methods.

6.13 Comparison of Seepage Estimates

Figure 20 presents a plot of the estimated rate of annual infiltration for the period 1980-1999
(based on the water balance analysis). During this period two other estimates of tailings seepage
were made by other investigators: (i) a seepage estimate by Geocon based on cbserved water
level deciine in 1983 and (i) a seepage estimate by Vail Engineering based on a sulfate load
balance in the Red River in 1993. Their estimates of tailings seepage are shown in Figure 20 as
horizontal lines or comparison.
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fn 1983, Geocon studied the seepage losses from the southern portion of section 36 tailings area.
First, all piezomeler monitoring data collected from 14981 to 1983 were reviewed {0 estimate the
rate of lowering of the phreatic surface within the tailings. Due to construction in 1982-83 and
shut-down of the mill since August 1981, there had been practicaily no discharge of tailings slurry

" into this area until the start-up of the mill in October 1983. Hence, the decline in the phreatic

surface during this period could be interpreted as the rate of seepage through the tailings
(Geocon, 1983). Second, Geocon (1983) carried out a parametric modeling study by using finite
element seepage analyses covering a wide range of assumed horizontal and vertical permeability
values. Based on this analysis Geocon computed the outflow rate through the base of the tailings
as 3.0-10° ft*/day/f which is equivalent to 1.5:10° cfs per acre. Assuming similar drainage
conditions for the entire foot print area of the Questa tailings facility (640 acres) the total seepage
raté would be about 1 cfs.

The Geocon estimate of 1 cfs matches the estimated infiltration rate for the period of analysis, i.e.
averaged over the period 1981-83, fairly well (Figure 20). However, infiltration rates estimated
with the water balance method for years of full production are significantly higher than 1 cfs (see
for example period 1989-1991} (Figure 20). Two factors may account for the significantly higher
seepage rates estimated for the years of “full production” relative to the Geocon estimates
(obtained from a shut-down period). First, the tailings process water may infiltrate very quickly
through very permeable beach material during periods of active discharge. This process water
may then discharge laterally through permeable embankments and/or permeable natural alluvial
ridges. In other words this rapid infiltration water may not mix with old process water by way of
infiltrating down to the phreatic surface and draining at a more steady rate through the base of the
tailings mass.

However, the above hypothesis is not consistent with observed seepage rates collected in the
seepage interception system downstream of Dam 1 and {o the east of Dam 4 (i.e. in seepage
barriers 002 and 003). For example, during the period 1982-1988 measured seepage rates
collected in the seepage interception system ranged only from about 0.6-0.9 cfs (i.e. by 30% of
the maximum, Figure 15). In contrast, the annual infiltration rates estimated over the same time
period with the water balance methad ranged by several hundred percent (Figure 20). Clearly, the

observed fluctuations in seepage are much smaller than those estimated with the water batance
method.

While rapid percotation through permeable beach areas appears unlikely for the tailings overlying
alluvial soils (i.e. Section 36 and easterly portions of Section 35) this mechanism may be a factor
in areas where permeable tailings directly overly very permeable volcanic rocks {i.e. westerly
portions of Dam 4 and Dam 5 impoundments). Due to the very permeable voicanics the base of
the tailings in this area is free-draining resulting in unity gradients within the tailings mass (RGC,
1997). Under thase conditions the infiltration rate would be equal to the saturated hydraulic
conductivity of the tailings. In areas with predominantly coarse tailings (e.g. near Dam 4) the
infiltration rate could be significantly higher than the average infiltration rate of 3.0-10° fi/day
(1.1-10° cm/s) estimated by Geocon for the Dam 1/1C area.

Secondly, the Geocon analysis does not include seepage losses as water was conveyed along
the system of decant channels or while being stored in the process water pond behind Dam 5A.
Seepage losses from these areas could be substantial as the underlying formation (volcanic
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rocks) are reportedly very permeable (RGC, 1997). The exact seepage losses are difficult to
estimate as they are controlied by the foot print area and the degree of sealing of the permeable
rocks by tailings. However, it is reasonahle to assume that these seepage losses are highest
during periods of “full production” and lowest during shut-down periods.

If present, such short-term fluctuations in infiltration rates to the deep volcanic aquifer would be
significantly attenuated due to storage effects in the very deep unsaturated zone (see section
6.12) and the large degree of dilution and dispersion in the receiving aquifer (see section 3.0). In
other words they may not necessarily result in significant fluctuations in the contaminant
concentrations in the deep aquifer. A more detailed discussion of contaminant loading to the deep
aquifer (based on predicted and observed sulfate concentrations) is provided in section 7.2.2.

A second independent estimate of seepage from the Questa tailings facility was obtained by Vail
Engineering. In April 1993, Vail conducted a water quality survey along the Red River between
the State Road 3 bridge and the Red River fish hatchery {Vail, 1993). Using a serious of mass

-balance calculations the total seepage from the impoundment was estimated to be about 2.3 ft¥s

{Vail, 1993). The mass balance caiculations assume that (i) sulfate is conservative, (i) the flows
and concentrations of the various mass balance components are at steady-state, and (i) all
seepage from the Questa taiiings facility discharges into the Red River reach between Questa
and the Red River fish hatchery. To be directly comparable to the estimated infiltration record, the
measured flow at Qutfall 002 (0.6 t’/s) had to be subtracted from Vail's estimate. This suggested
that the unmeasured seepage from the impoundment in 1993 was about 1.7 ft¥s (Figure 20).

Note that Vail's estimate of seepage is based to a large degree on sulfate concentrations in
spring flows discharging from the shallow alluviai aquifer and deep volcanic aquifer (i.e. cold
springs and warm springs, respectively). Any short-term fluctuations in tailings seepage would be
averaged out in these spring flows resulting in fairly constant water quality in these springs (see
section 7.1.4). Hence the seepage estimate by Vail is representative of a longer-time average in
the order of several years, i.e. the average travel time in the respective aquifers. The average
seepage estimate for the last 3 and 5 years prior to the Vail study (1993) obtained with the water
balance method were 1.56 and 2.67 cfs, respectively. Clearly, the shorter-term average

compares very well with the Vail estimate whereas the 5 year average is significantly higher than
the Vail estimate.

This comparison demonstrates that caution has to be used when comparing the annual infiltration
rates computed from the tailings water balance with water quality observed in the receiving
environment. As mentioned earlier no allowance was made in the water balance for the storage
of water (and associated contaminants) in the vadose zone andfor transport time in the receiving
groundwater aquifers below the tailings impoundment and up to the respective monitoring point
(well or spring discharge point) (see also section 7).

The uncertainty in the amount of tailings seepage was addressed during development of the local
groundwater flow model (RGC, 1897). The tailings seepage rate was varied from 1to 3 cfsin a
sensitivity analysis. The results of the sensitivity analysis indicated that these variations in tailings
seepage would have no significant effect on the local groundwater flow system (in terms of flow
direction and water table mounding) other than a proportionate increase in the groundwater flow
rates. The long-tenm average seepage rate for the Questa tailings facility estimated with the water
balance method (i.e. 2.7 ¢fs) falls within the range of seepage rates assumed for the sensitivitty
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analysis. In other words these higher seepage rates, if correct, are not expected to result in
significant changes to the water table elevations and/or groundwater flow paths determined with
the local groundwater flow model.
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7 CHEMICAL LOAD ANALYSIS

Chemical foad balances has been calculated for the following chemical constituents:
e Sulfate (SO);

¢  Fluoride (F);

= Molybdenum (Mo); and

-« Manganese (Mn).

These four constituents have been selected for analysis because they are elevated in seepage

from the Questa tailings impoundment in that they may exceed numerical New Mexico
Groundwater Standards (NMGWS).

7.1 Water Quality Data Review

All available water quality monitoring data for the Questa tailings facility were reviewed in order to
develop the load balances. Water quality data were available from four different sources:

« Historic outfall data (period 1975 - 1985) consisting of weekly water quality monitoring data
{spot measurements) for decant (outfall 001}, seepage barmier 002 and seepage barrier 003
{Molycorp files);

+ Recent outfail data (period 1988 - 1999) consisting of monthly water quality monitoring data
(monthly average and min/max data) for outfall 002 (EPA files),

» Monitoring well data (period 1993 - 2000) consisting of annual to quarterly water quality
monitoring data from all monitoring wells under DP-833 (Molycorp files). and

« Spring survey data (period 1993 - 2000) consisting of annual to quarterly water quality
monitoring data from selected springs at the lower Red River under DP-933 (Moliycorp files).

7.1.1  Historic Qutfall Data

Figures 21a-e show the historic concentrations of pH, sulfate, fluoride, molybdenum and
manganese in outfall 001 and seepage barriers 002 and 003 for the period 1975-1985. The data
record for outfall 001 is only plotted untit the end of 1982, i.e. for the period when untreated
decant water, i.e. the supematant water remaining after settling out of the tailings sofids in the
tailings pond, was discharged. In 1983, the IX treatment plant was commissioned and
subsequently, all decant water was treated prior to discharge into outfall 001 (resulting water
quality not shown here). Table 3 provides summary statistics for the concentrations of suifate,
fluoride, molybdenum and manganese for the various outfalls.

This historic outfall data provide insights into the quality of water leaving the tailings facility as
surface runoff (outfali 001) and subsurface seepage (seepage barriers 002 and 003). By
inference, the outfall 001 data may also provide clues about the quality of the water entering the
facility as process water (assuming evpotranspiration is negligible) and potential sources/sinks for

the various constituents within the tailings (by way of comparing outfall 001 data with seepage
barrier data).

Repert No. 05201011 Roberison GeoConsultants Inc.
June 2000
M-00001779



[

“Water and Chemical Load Balance - Questa Tailings Facility 33

The water quality of the decant water (outfall 001) shows a modest increase over time in all four
constituents likely due to changes in the mineralogy of the ore milled throughout this period
and/or changes in the milling process. Superimposed on this trend are significant short-term
variations in water quality (Figure 21a-e). The shor-term variations do not appear to correlate
with the seasons nor are they consistent among the four constituents suggesting that climatic
factors (e.g. evapoiranspiration, snowmelt) did not have a strong effect on the decant water
quality (i.e. no apparent concentration or dilution of the tailings pond water) during this
observation period. -In other words the data suggest that the water quality of the decant water is
representative of that of the process water discharged into the tailings facility. Unfortunately, no
water quality data are available on the process water (as delivered to the tailings facility) for this
period to check this preliminary conclusion.

The location of the seepage barriers 002 and 003 are shown in Figure 2b. Based on their location
the majority of seepage intercepted in 002 likely originates from Section 36 (behind Dam 1/1C)
whereas the majority of seepage intercepted in 003 likely originates from Section 35 (behind Dam
4). The water quality of the tailings seepage intercepted in these two seepage barriers differed
significantly from one another. The seepage collected in seepage barrier 002 showed lower
sulfate concentrations (~700-800 mg#) than seepage collected in barrier 003 (900-1100 mg/). In
contrast, ail other constituents (F, Mo and Mn) were substantially lower in seepage collected in
seepage barrier 003 compared to those observed in barrier 001. The data iliustrate the variability
in seepage water quality that may be discharging from the same tailings facility. Potential factors
that may contribute 1o the observed differences in seepage water quality include {i) the amount of
old process water versus newly infiltrated precipitation water contributing to seepage; (ii)
geochemical reactions occurring either within the tailings or within the alluvial soils; and (iii) the
degree of mixing with local groundwater intercepted in the seepage bamier. Based on the
existing data it is hypothesized that natural attenuation in the alluvial material is responsible for
the much lower concentrations of the reactive constituents fluoride, molybdenum and manganese
in seepage barrier 003 compared to seepage barrier 002 {c. section 7.1.3).

Figure 22 shows scatter plots of F, Mo, Mn versus suifate for the three observation points. Both
Mo and F show an inverse relationship with sulfate (R%=0.28) in seepage collected in the Dam 1
amroyo (outfalt 002). This inverse relationship may be a result of varying contributions of process
water to tailings seepage. The high molybdenum concentrations may be indicative of a greater
proportion of remnant process water (typically high in pH, F and dissolved Mo) stored in the finer-
grained tailings mass and contributing more to overall seepage flows during low flow periods. in

contrast, the high sulfate concentrations could be a result of fresh recharge water percolating

through more permeable beach zones and washing out oxidation products (in paricular calcium
and sulfate) during high flow pericds.

7.1.2 Recent Outfall Data

Figures 23a-d show the recent concentrations of sulfate, fluoride, molybdenum and manganese
in outfall 002 for the period 1988-1999. Qutfall 002 represents seepage collected in all seepage
barriers (including 002 and 003) and groundwater extracted from several extraction wells (starting
at the end of 1997). All concentrations shown are total concentrations determined on unfiltered
sampies (as required under the NPDES permit). Summary statistics for the various constituents
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in outfall 002 are shown in Table 3. Note that sulfate is not regulated under the NPDES permit
and therefore is not included in this data base.

The recent water quality measured in outfalt 002 is generally very simiiar to the historic water
quality in seepage barrier 002 {which provides the majority of intercepted seepage) (Tabie 3).
The water quality of the intercepted seepage shows some fluctuation in time (Figure 23a-c).
However, these fluctuations appear to be more related to water management (e.g. temporary
shut-down-in 1992, expansion of the seepage interception system) than natural factors such as
spring runoff. For example, the start-up of the extraction well system at the end of 1997 shows a
clear decrease in all constiluents (see e.g. sharp decline in molybdenum in fallAwinter 1997,
Figure 23c). The overall consistency in the various contaminant concentrations in tailings
seepage over the last 25 years {from 1975 to 2000} strongly suggestis that the tailings are at a’
geochemical equilibrium (steady-state}. This monitoring data is supported by geochemical testing
of the tailings solids which did not indicate any signs of strong oxidation and/or acid generation in
the tailings (RGC Report 052004/1).

7.1.3 Groundwater Monitoring Daté

" Figure 24 shows the location of the various monitoring wells downstream of the Questa tailings

facility. The only monitoring well located upstream of the tailings facility is the Change House Well
{MW-CH) immediately 10 the west of the Section 36 impoundment (next to the administration -
building, nat shown in Figure 24).

Figures 25a-b show time trends of suifate, fluoride, pH, molybdenum and manganese for the
period 1993 to 1999 in those extraction and monitoring wells located immediately downstream of
the Section 36 tailings impoundment. The geodetic groundwater levels are shown for comparison.

The water quality of seepage in the main drainage channel (EW-5A, 5B and MW-C) shows
elevated concentrations of ail constituents (S04, F, Mo and Mn}. The observed range of these
constituents is consistent with the long-term average values for outfall 001 (decant or process
water, see Table 3) suggesting that the seepage intercepted is predominantly.old process water.

In contrast, water quality of seepage in the westemn portion of the Dam 1 aroyo (EW-5C and 5D)
shows only elevated concentrations for SO4 comparable with process water. The other
constituents F, Mo and Mn show much lower concentrations than the process water and all meet
numerical groundwater standards (NMGWS). This water quality is consistent with that of the
seebage intercepted in the seepage barrier 003 (Table 3). Natural attenuation mechanisms
{(precipitation andfor adsorption} in the alluvial soils along the flow path may account for this
reduction in contaminant concentrations. The higher attenuation rates in the westemn portion of
the arroyo (compared to the main drainage channel) may be related to the significantly lower
seepage rates (allowing more equilibration time and less total loading).

Figures 26a-b show water quality time trends in wells located in Dam 1 amoyo at various
distances downstream of the Section 36 tailings impoundment. The geodetic groundwater levels
are again shown for comparnison.

The only wells consistently showing water quality exceedances above numerical groundwater
standards (NMGWS) were MW-7A and EW-3 (for SO4 only) and MW-2 (for S04, Mo and Mn
prior to 1997-98). Of those wells only MW-2 is located downstream of the seepage interception
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system. The water quality in MW-2 has significantly improved in manganese, sulfate and in
particular molybdenum. This improvement is likely a result of the expansion of the interception
system (in particular start of pumping of the extraction wells).

Figures 27a-b show water quality time trends in wells located to the east of Dam 1 arroyo along
the aliuvial hill side which forms the natural southeastern embankment of the Section 38 tailings
facility. The geodetic groundwater levels are again shown for comparison,

The groundwater quality to the east of the Dam 1 arroyo is generally less impacted by tailings
seepage than in the Dam 1 arroyo. MW-3 is the only well jocated east of Dam 1 arroyo, which
exceeded numerical groundwater standards (NMGWS) for one parameter (S04). All gther wells
show contaminant concentrations well below the applicable standard.

Figures 28a-b show water quality time trends in wells lpcated in the deep aquifer system
downstream of Dam 1 (MW-12 and EW-3 in alluvium) and downstream of Dam 4 (MW-11 and
MW-12 in volcanics). The water quality in the deeper alluvium immediately upstream of the
Questa tailings facility (MW-CH) is shown far comparison.

The water quality in the deep aquifer system shows very little impact of tailings seepage. Over the
entire monitoring period (1993-1998) no exceedance above numerical groundwater standards
(NMGWS) has been observed for any parameter. The elevated fluoride concentrations (~1 mg/l)
in MW-11 and MW-13 are typical of background in the volcanic aquifer (c. Table 2.5 in RGC
Report 052004/1). After 19397 there has been a small increase in sulfate and molybdenum in the
deep wells screened in the voicanics. This small increase is likely a result of the starl-up of
tailings discharge behind Dam 5 and the associated seepage of process water into the volcanics.

7.1.4  Spring Water Quality

Figures 29 a-b show the water quality in the springs in the lower Red River which were sampled
first by Vail as part of their seepage study (Vail, 1993) and which have been sampled quarterly
since late 1996 as part of DP-933. As discussed by Vail (1993} the cold springs (#17)} and warm
springs (#18) represent the water supply for the Red River fish hatchery from the shallow ailuvial
aquifer (~2.0-3.3 cfs) and deep volcanic aquifer (about 10.2 to 10.5 cfs), respectively. The other
stations shown in Figures 29a-b represent two smaller springs in the shallow alluvium (seeps #9
and #10) and deep volcanic (seeps #12 #14), respectively.

The water quality in all springs consistently meets New Mexico Groundwater Standards. For the
most part, the water quality in the springs also shows very litile variation over the years. The only
exception is seep #9 and to a lesser extent #10 (both near Questa springs) which show a clear
seasonal pattern in sulfate which is likely a result of dilution due to irrigation water being supplied
to the fields upstream of these monitoring stations during the summer months. The overall
consistency in water quality in the seeps strongly suggests that any short-term fluctuations in
seepage losses from the tailings impoundment (as suggested by the water balance analysis) are
being attenuated along the flow path due to storage requirements and/ar ditution/dispersion.

The very low concentrations of the reactive constituents (F, Mo and Mn) relative to sulfate in
seeps #9 and #10 suggest that molybdenum, manganese and to a lesser degree fluoride are
being effectively attenuated by chemical reactions in the alluvial soils. it is likely that similar
chemical attenuation mechanisms are also at play in the volcanics. However, this hypothesis is
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difficult to ascertain from the monitoring data due to the high degree of dilution of tailings seepage
(by a factor of 8-12 times based on sulfate) and the high natural background in the volcanic
aquifer for some of these reactive constituents (e.g. about 1 mg/l for fluoride).

7.2 Load Balance

7.2.1 Approach

A review of all available water quality data suggests significant physical and chemical attenuation
of the four constituents discharged with the tailings seepage (sulfate, fluoride, molybdenum and
manganese) in the receiving environment (shallow and deep aquifer system). The physical
attenuation (storage, dispersion and dilution} is evidenced by relatively constant sulfate
concentrations in the receiving groundwater at significantly lower concentrations than observed at
the source. The chemical attenuation is evidenced by significantly reduced concentrations of the
reactive constituents (F, Mo and Mn) relative to the non-reactive constituent sulfate.

In order to minimize the influence of physical attenuation on the.mass loading calculations all icad
balance calculations were performed for the entire period of record (1966-1999). This way short-
term fluctuations in the estimated infiltration rate (based on the water balance method) were
averaged out. The observed consistency in the water guality of the aguifers located downstream
of the Questa tailings facility {in monitoring wells and springs) supported this approach.

Briefly, the following approach was taken to developing the load balances for ihe various
constituents.

1. Establish water balance for period 1966-199% {(from water bailance analysis);
2. Determine input concentrations for various sources;

3. Determine sulfate load batance; this step included estimating groundwater flow rates required
to achieve observed sulfate concentrations in shallow and deep aquifer systems (assuming
complete mixing);

4. Determine load balances for reactive constituents; this step included estimating sinks (i.e.

chemical attenuation) required fo achieve observed F, Mo and Mn concentrations in shallow
and deep aquifer systems (assuming complete mixing);

Figure 30 shows the avérage annual water balance which was modified from the detailed water

“balance developed for the Questa tailings facility (Figure 12a-b) for the purpose of load balance

calculations. This modified water balance has four surface inputs, which differ with respect to their
source concentrations:

s Seepage losses of process water;

+ Net precipitation on areas beyond tailings deposit;
s Old process water stored in tailings deposit; and

+ Tailings pore water originating from precipitation.

Based on the water balance analysis for the Questa tailings facility the long-term average annual
infiltration rate was set equal to 3.3 cfs. The majority of this flow (2.3 cfs) was assumed to
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represent seepage losses, i.e. process water, which is lost directly to the permeable volcanics
from decant channels and process water ponds. The seepage from the base of the tailings
deposits was assumeéd to be 1 cfs. The fraction of “old” process water contributing to seepage at
the base of the tailings impoundments was estimated to be about 90% with the remaining 10%
representing precipitation water that percolates through the unsaturated taifings. The 10% fraction
(0.1 cfs) amounts to an average infiltration rate in the order of about 1.4 inches per year (or 10%
of MAP} distributed over the entire tailings area. The distinction between “old” process water and
“fresh” recharge water is made to account for the significant differences with respect to
contaminant loading for these two sources of water (see section 7.2.2 below).

For the purposes of loading calcutations an idealized “vadose zone” was introduced into the water
balance flow sheet to .ailow for chemical attenuation prior to interception in the seepage
interception system and/or flow into the receiving aquifers. While it is recognized that some of the
chemical attenuation llkely occurs in the saturated zone (i.e. within the aquifer system) no attempt
was been made to distinguish between those two processes.

The groundwater flows into the shallow and deep aquifers were taken from the respective
estimates of groundwater flow obtained with the local groundwater flow model (RGC, 1997). The
shallow aquifer was further subdivided into an upper “mixing zone” to account for the limited
degree of mixking of the tailings seepage with the groundwater flowing in the shallow alluvial
aquifer (see Wels et al., 2000 and RGC, 1998 for details). The amount of shaliow groundwater
available for mixing with the tailings seepage up to the Molycorp property boundary was
estimated by matching the observed suffate concentrations (see section 7.2.2). No such distinct
mixing zone could be observed in the deep volcanic aquifer. Hence the entire groundwater flow in
the deep voicanic aquifer {within the model domain outlined in Figure 11) was assumed available
for dilution and dispersion.

The rate of percolation from the shatiow aquifer to the deep volcanic aquifer was also taken from
the calibrated groundwater flow model developed by RGC {1997).

7.2.2 Sulfate Load Balance

The background and source concentrations used for input into the sulfate load balance are shown
in Table* 4. The suifate concentrations in the tailings pond shbwed significant variations, in
particular an increase during the drier summer months suggesting an evaporative trend. The
(lower) median concentration was judged to be more representative for seepage losses of
process water at surface (along decant channel etc.) whereas the (higher) average concentration
was judged to be more representative of process water deposited as pore water with the tailings.
The input concentrations for precipitation water infiltrating unsaturated tailings material was
estimated from leach extraction tests performed on Questa tailings samples {(see RGC 1998 for
details). Note that this component of the load balance represents the highest source
concentration due to the release of oxidation products from unsaturated tailings.

Figure 31 shows the estimated average annual sulfate load balance for the Questa tailings
facility. The annual sulfate load for each pathway is shown in tonnes per year. The values in
brackets indicate the calculated sulfate concentration for the particular fiow path (assuming
complete mixing). Sulfate is assumed to be non-reactive for the concentration ranges observed at
the Questa tailings. Hence no sources or sinks are allowed for in this load balance,
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Table 5 shows the target concentrations for sulfate in the shallow and deep aquifer systems at
the Molycorp boundary and at the respective groundwater discharge points near the Red River.
Note that the “cold” and “wamm” springs (collected separately as water supply for the Red River
fish hatchery) are considered representative of shallow and deep groundwater, respectively, due
to their large respective flow rates.

The amount of shallow groundwater flow required to obtain the target sulfate concentration at the
Molycomp boundary was about 0.26 cfs (Figure 30). This flow rate represents only about 4% of
the total shallow groundwater flow. In other words the tailings seepage in the shaflow alluvial
aquifer (i.e. Dam 1 arroyo) shows only very limited mixing and dispersion in the underlying aquifer
within this limited distance from the source. This conclusion is consistent with previous seepage
modeling results which suggested that tailings seepage from Dam 1 remains perched above the
local water table for some distance downstream of the toe of the Dam 1 (Wels et al. 2000).

According to the load balance model the sulfate concentrations for shallow groundwater
discharging to the Red River would be about 91 mg/l (assuming complete mixing) (Figure 31).
This value compares fairly well with the observed sulfate concentrations in the cold springs (83
mg/l, Table 5).

In contrast, the sulfate concentration predicted with the load balance model for the deep volcanic
aquifer was significantly higher than the observed target concentrations, both at the Molycorp
boundary and in particular at the discharge locations (warm springs) (c. Figure 31 and Table 5).
Assuming complete mixing with all assumed groundwater flow in the deep aquifer (16.2 cfs) the
calculated suifate concentration in the deep aquifer system would be about 171 mg/. This value
is fairly close to the target concentration of 147 mg/t at the Molycorp boundary (MW-11 and MW-
13). However, the sulfate concentration in the wamm springs which represents a large proportion
of the total groundwater flow in the deep volcanics is only about 64 mgl.

Several potential factors could he invoked to explain the discrepancy between the sulfate
concentrations predicted by the load balance model and those observed in the deep volcanic
aquifer (i.e. warm springs):

1. Infiltration rates estimated with the present water balance analysis (in particular seepage
losses of process water) are too high;

2. Ahigher proportion of lailings seepage recharges the shallow aquifer system {(and remains in
the shallow aquifer system until it discharges to the Red River),

3. Significant physical attenuation {e.g. storage) occurs in the unsaturated zone above the deep
volcanic aquifer;

4. Source concentrations of sulfate are too high:
5. Significant chemical attenuation of sulfate occurs along the fiow path; and/or

6. A greater flow of groundwater {than assumed in the load batance) is available for difution and
dispersion of tailings seepage in the deep volcanic aquifer.

Clearly there is some uncertainty in the estimated rate of infiltration, in particular since this
component was estimated by inference from all other measured and/or independently estimated
components of the water balance. However, all components of the water balance appear
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relatively closely constraint (estimated to be +/- 10% on a year by year basis). By using the iong-
term average water balance those uncertainties are expected to average out rather than
compound {provided there is no systematic error). The water supply to the tailings facility
represents the largest single compaonent and hence the largest potential source for error in the
water balance. However, this component is likely also the most accurate due to the detailed
records kKept by Molycorp on its water usage.

Sensitivity analyses were run using the sulfate load batance model to estimate the annual
infiltration required to match the observed sulfate concentrations in the wam springs (i.e. 60
mafl). Assuming all other water balance components and source concentrations are applicable,
the infiltration rate to the deep volcanic aquifer would have to be reduced from 2.7 cfs to 0.56 cfs
fo obtain the observed low sulfate concentrations. Considering all uncertainties in the waler
balance analysis such a small infiltration rate to the deep volcanic aquifer appears unlikely.

A second potential factor for the discrepancy in modelled and observed sulfate concentrations in
the deep volcanic aquifer is the routing of the infiltration water. The routing of infiltration water to
the shallow and deep volcanic aquifer was derived from the groundwater flow model. In addition it
was assumed that all seepage losses in excess of 1 cfs infiltrate to the deep volcanic aquifer as
seepage losses. Assuming seepage losses to the deep volcanic aquifer amount to only 0.56 cfs
and all other seepage is routed to the shallow aguifer system the resulting sulfate concentration in
the cold springs would increase to 506 mg/l. This sulfate concentration is significantly higher than
what is actually observed in the cold springs (~83 mgff). in other words re-routing of infiltration
water to the shallow aquifer system would provide a better match with observed sulfate
concentrations in the wam springs but at the expense of a poorer match with those observed at
the cold springs.

Re-routing of seepage waters to the shaliow aquifer system would also have no effect on the total
loading to the Red River (the ultimate discharge point of both aquifers). According to Vail's
analysis the total load of sulfate in the Red River (up to the Red River fish hatchery) could be
accounted for by assuming a total seepage rate of 2.3 ¢fs (Vail, 1993). In other words, a sulfate
load associated with approximately 1 cfs of tailings seepage remains unaccounted for in the mass
balance for the Red River. Note that Vail's mass balance caiculations are directly comparable to
our suifate load balance calculations since concentrations in all springs (including cold and warm

springs) remained virtually constant (Figure 29a,b) and very similar source concentrations were
assumed in both analyses.

As discussed earlier potentiaf storage of tailings process water in the vadose zone was not
included in our water and load balance calculations. Preliminary estimates of storage in the
vadose zone range from Q.2 — 0.5 cfs expressed as an average storage rate over the life of the
tailings facility (see section 6.12). These estimates indicate that storage of tailings seepage in the
vadose zone could account for a significant portion (up to 43%) of the sulfate load that is not
accounted for in the load balance for the Red River. However, a more detailed analysis would be
required to better define the extent of water and mass foad storage in the vadose zone.

Another potential source of uncertainty in the sulfate load balance is the assumed suifate input
concentration for the various sources of water (Table 4). The greatest uncertainty in sulfate
concentrations is attached to the flow component termed “tailings pore water originating from
precipitation”. The sulfate concentration for this flow componént was estimated from feach
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extraction tests performed on Questa tailings (see RGC, 1998 for details). This input
concentration {2466 mg/ sulfate) is likely biased towards higher sulfate concentrations since only
the “first flush” was examined. Repeated percolation of precipitation water in pemmeable beach
material could result in much lower source concentrations as evidenced in some of the humidity
cell testing which indicated an exponential decrease in sulfate concentrations in the leachate over
time. The load balance model was used to estimate the sensitivity of this parameter on the sulfate
concentration in the deep volcanic aquifer. Assuming the sulfate concentration in pore water
originating from precipitation water was only about 550 mg# (i.e. resulting in an arbitrary seepage
concentration at the base of the tailings of about 1000 mgfl), the overall sulfate load to the Red
River would only be reduced by 2760-2589 = 171 tonnes/year, i.e. representing a load reduction
of only about 1 %. The effect of this load reduction on suifate concentrations in the deep volcanic
aquifer would be quite small (from 171 to 183 mg/). '

While it can not be ruled out, the chemical attenuation of sulfate along the fiow path (i.e. in the
vadose zone andfor respective aquifer) is considered very unlikely and is not further discussed.

A higher than expected groundwater flow in the deep volcanic aquifer available for dilution and
dispersion is another factor that may account for the very low sulfate concentrations observed in
the springs emanating from the volcanic springs at greater distance from the Questa tailings
facility. Sensitivity runs with the sulfate load model suggest that the groundwater flow in the deep
volcanics would have to be as high as 50 cfs to provide sufficient dilution to yield sulfate
concentrations that approach those values observed in the warm springs (i.e. 64 mgf). Much
lower fiow rates (18.7 cfs) would be required to produce sulfate concentrations of ~120 mg/, i.e.
sulfate values observed in springs discharging from the volcanics in vicinity of the Questa tailings
facility (e.g. seep #12 and #14, Figure 29a).

The above sensitivity runs indicate that the groundwater flow required for dilution is guite
sensitive to the assumed target concentration. Perhaps the most appropriate target concentration
to use would be a flow-weighted average of sulfate from ali springs discharging into the Red River
between the Questa tailings facility and the Red River fish hatchery. According to Vail {1993} this
flow-weighted average sulfate concentration wouid be about 71 mgfl. A total flow rate of 42 cfs
would be required to praduce this flow-weighted average sulfate concentration in the deep
volcanic aquifer.

The estimated flow rates required for dilution in the deep volcanic aquifer (i.e. 40 - 50 cfs) are
close to the total groundwater flow (~50 cfs) estimated by Vail (1988) for the study region. These
estimates of deep groundwater flow available for mixing of tailings seepage appear very high and
suggest that factors other than higher groundwater flows in the deep aquifer system are
contributing to the very low sulfate concentrations abserved in the deep aquifer system.

In summary, a number of different factors could contribute to the very low sulfate concentrations
observed in the deep volcanic aquifer. The most fikely factors include storage of tailings seepage
water in the vadose zone beneath the tailings facility, a higher proportion of tailings seepage
recharging the shallow aquifer (and discharging to the Red River), and a higher than expected
groundwater flow rate in the deep volcanic aquifer providing additional dilution.

Note that no attempt was made during this study to fit the sulfate load model to observed sulfate
concentrations at the discharge points (springs) by adjusting the water batance components
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and/or input concentrations. Such a calibration will be performed as part of the sulfate load mode!

for the entire Red River basin to be submitted in the Report on Conservative Load Model for Red
River basin {due on December 15, 2000). |

7.2.3 Fluoride Load Balance

Figure 32 shows the estimated average annual load balance for fluoride. The annuat fluoride load
for each pathway is shown in kilograms per year. The values in brackets indicate the calculated
fluoride concentration for the particular flow path (assuming complete mixing). Table 4
summarizes the fluoride concentrations for the various sources used in the load balance model.
For the case of fluoride the background concentrations quoted in an earlier study (see RGC
1998) turmed out to be slightly above the target concentrations observed downstream of the
Questa tailings facility (c. Tables 4 and 5). For simplicity, the background concentrations were
therefore set equal to the target concentrations.

The fiuoride load balance strongly suggests that fluoride is chémically attenuated along the flow
path. This result is consistent with groundwater quality observed in monitoring wells and springs
which do not show fluoride concentrations significantly above background in any of the
downstream monitoring wells (Figures 27-28) and/or springs (Figure 29). The amount of fluoride
lost to chemical attenuation (expressed as a mass rate loss in kg per year) was estimated by
adjusting this sink term until the target concentrations at the Molycorp boundary and/or at the
discharge points near the Red River were met,

~ The estimated sink terms for fluoride are shown as negative numbers in the boxes representing

the vadose zone of the fluoride load balance sheet (Figure 32). Accordingly, the total annual loss
of fluoride from the system due to chemical attenuation (adsorption and/or precipitation) is
estimated to be about 9380 kg/year. This sink term represents about 67% of the estimated total
load of fluoride introduced into the system. Note that this sink term may also include some (as yet
unspecified) storage in the unsaturated alluvial sediments (see section 7.2.2).

7.2.4 Molybdenum Load Balance

Figure 33 shows the estimated average annual load balance for molybdenum. The annual
molybdenum load for each pathway is shown in kilograms per year. The values in brackets
indicate the calculated molybdenum concentration for the particular flow path (assuming complete
mixing). Table 4 summarizes the molybdenum concentrations for the various sources used in the
load balance model. The background concentration for molybdenum was assumed to be zero, i.e.
all molybdenum introduced into the system is derived from process water and/or tailings seepage.

The molybdenum load baiance strongly suggests that molybdenum is chemically attenuated
along the flow path. This result is consistent with groundwater quality observed in monitoring
wells and springs showing molybdenum concentrations consistentty much lower than in the
tailings seepage in all downstream monitoring wells (Figures 27-28) and/or springs (Figure 29).
The amount of molybdenum fost to chemical attenuation (expressed as a mass rate loss in kg per
year) was estimated by adjusting this sink term until the target concentrations at the Molycorp
boundary andlor at the discharge points near the Red River were met.

The estimated sink terms for molybdenum are shown as negative numbers in the boxes
representing the vadose zone of the molybdenum load balance sheet (Figure 33). Accordingly,

Report No. 05201071 Roberson GeoCansultants Ing.

June 2000
M-00001788



Py

B

e v

Water and Chemical Load Balance - Questa Tailings Facility 42

the total annual loss of molybdenum from the system due to chemical attenuation (adsorption
and/or co-precipitation) is estimated to be about 3600 kg/year. This sink term represents about -
54% of the estimated total load of molybdenum introduced into the system. As discussed

previously, storage of tailings seepage in the unsaturated ailuvial sediments may account for
some of this loss in molybdenum.

7.2.5 Manganese Load Balance

Figure 34 shows the estimated average annual load balance for manganese. The annual
manganese load for each pathway is shown in kilograms per year. The values in brackets
indicate the calculated manganese concentration for the particular flow path (assuming complete
mixing}. Table 4 summarizes the manganése concentrations for the various sources used in the
load balance model. Natural background concentrations of manganese in the deep volcanic
aquifer were assumed to be zero as suggested by a number of samples taken in the Guadalupe
Mountain area in the mid-1980s (Danes and Moore, 1987). However, no natural background
concentrations were available for manganese in the shallow alluvial groundwater. For simplicity,
manganese background concentrations in the shaliow alluvial aquifer system were also assumed
to be zero. -

The manganese load balance suggests thal manganese is being consumed in the vadose zone
overlying the deep volcanic aquifer whereas it is being preduced along the flow path in the
shallow aquifer system (i.e. in the alluvial soils}. An apparent source of manganese is required -
since the load of manganese removed with the interception system (715 kg per year based on
outfall 002 data) is greater than the estimated load from old process water and fresh recharge
water draining from the tailings (combined total of 599 kg per year). Unfortunately, no background
concentrations of manganese in the shallow alluvial aguifer are available to estimate how much of
this apparent source is due to natural infitration water being intercepted in the seepage
interception sysiem. ‘

Alternatively, the manganese not accounted for in the load balance could have been generated
within the tailings. Tailings pore water collected in three borehcles from the base of the Section
35 impoundment showed an average manganese concentration of 4.3 mg/l, i.e. manganese
concentraticns significantly higher than both the observed tailings pond water quality (0.37 ma/l)
and the assumed pore water concentration originating from precipitation (i.e. 2.2 mg/l as back-
calculated from six leach extraction tests). The manganese load balance model was rerun
assuming a combined input concentration of 4.3 mg/l manganese for all water passing through
the tailings {regardless of its origin). With this higher source concentration manganese would
have to be lost in the vadose zone of the shallow alluvial aquifer. The estimated sink for this
scenario would be 2900 kg per year. This sensitivity run indicates that the load balance for
manganese is very sensitive to the assumed input concentration.

7.3  Summary of Load Balance Analysis

The results of the water balance analysis were used to estimate annual load balances for four
selected constituents (sulfate, fluoride, molybdenum and manganese). Source concentrations for
process water infiltrating directly into volcanics and stored in the tailings were estimated from
recent tailings pond water concentrations. Source concentrations for tailings pore water
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originating from precipitation were estimated from leach extraction tests performed on six tailings
sampies. '

The load balance for the non-reactive constituent sulfate was used to estimate the degree of
mixing of tailings seepage with groundwater in the shallow and deep aquifer systems,
respectively. The sulfate load balance indicated oniy limited mixing with the shallow groundwater
up to the Molycorp property boundary. in contrast, a large degree of mixing had to be postulated
for tailings seepage entering the deep volcanic aquifer in order to match the observed suifate
concentrations in the deep volcanic aguifer at the Molycorp property boundary. Even larger
groundwater flow rates (approaching the total groundwater flow estimated for the study region)
had to be assumed to match the very low sulfate concentrations observed in springs discharging
from the volcanic aquifer at the Red River (flow-weighted average of 71 mg/l). Sensitivity runs
with the sulfate load balance modei suggested that factors other than dilution must contribute to
the very low sulfate c_bncentrations in the deep volcanics. These factors likely include significant
storage of tailings seepage in the unsaturated alluvial sediments beneath the tailings facility and a
higher proportion of tailings seepage recharging the shallow aliuvial aquifer. Aitematively, the
infiltration rates estimated with the water balance method andfor the assumed source
concentrations could be too high.

The load balance models for fluoride and molybdenum suggested significant chemical attenuation
of these reactive consfituents in the alluvial sails undertying the tailings facility amounting to 87%
and 54% of the total load, respectively. The load balance mode! for manganese was inconclusive
owing to the large uncertainty in the source concentration.

Sensitivity analyses with the non-reactive and reactive load models indicated that there is still
significant uncertainty in components of the water balance (e.g. size of storage in the unsaturated
zone, amount of deep underflow) as well as the assumed source concentrations, in particular
some of the reactive constituents. As a result the estimated load balances for the four
constituents sulfate, fluoride, molybdenum and manganese presented here are considered
preliminary and shouid be viewed with caution. These preliminary load balances will be updated
as part of the non-reactive and reactive load model for the entire Red River basin to be submitted

in the Reports on Conservative and Reactive Load Models for Red River basin (due on
December 15, 2000).
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Table 1 Summary of Tailings Storage Development

WBTailings impoundment.xisTabie 1

Year Section 36 Section 35
1965 Dam 1 to 7425 ft elevation -
{starter dam)
1966 - Dam 1 to 7460 ft elevation -
1967 Dam 1 to 7484 ft elevation -
1968 Dam 1 to 7500 ft elevation -
1969 Dam 1 to 7520 ft elevation —
Dam 2 to 7520 i elevation
1970 -
1971 Dam 1 to 7525 ft elevation Dam 4 to 7440 ft elevation
(starter dam)
1972 . - Dam 4 to 7460 ft elevation
1973 - i} Dam 4 to 7478 fi elevation
i} Dam 3A to 7532 ft elevation (average)
1974 — -
1975 i) Dam 1C to 7560 {t elevation by cyclones Dam 4 to 7505 ft elevation
iy Dam 1B, 2A to 7560 ft elevation
1976-1978 -— -
1979-1980 Dam 2B to 7584 ft elevation by cyclones Dam 4 to 7512 ft elevation
1981-1982 Dams 1C, 1B, 2A and Separator Dike Dam 4 to 7520 ft elevation
to 7584 ft elevation
1983-1989 - -—
1990 - Dam 5A to 7525 fi elevation
(starter dam)
1991-1995 — -
1996 - Dam 5A to 7545 ft elevation

Robertson GeoConsuitants Ing,
June 2000
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Table 2 Geotechnlcal Characteristics of Deposited Tallings

Item . Value Comment

Specific gravity (Gg) 2.65 Average of four tests conducted on samples obtained from
) , . |boreholes in the vicinity of Dam 1C (Geocon, 1982).

Dry density (Mg/(Vy +Vs)) 92 bt |Average of 100 tests on samples obtained from boreholes
put down through the tailings deposits in Sections 35 and 36
{Geocon, 1982).
Average of 27 tests on samples taken below the phreatic
surface in borehales in the vicinity of Dam 1C (Geocon,
1882). Given a specific gravity of 2.65, this is equivalent to a
dry density of 94.7 ft'/s.

Saturated water content (My/Mg) 28.2%

Notes: My, and Mg are mass of water and mass of solids, respectively,
Vy and Vg are volumes of voids and solids, respectively.

Robertson GeoConsultants Inc.
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06/30/200012:40 PM
Table 3. Summary Statistics for Decant and Seepage Water Quality
0(2111231 Seepage Barrier 002 Seepagg Barrier 003 Qutfa!l 002
1975-1982 | 1975-1982 | 1983-1985 | 1975-1982 | 1983-1985 | 1988-1999
oH Average 7.52 7.51 7.50 8.04 7.88 7.57
Standard Deviation 0.33 0.20 0.17 0.29 " 0.14 0.19
SO, Average 1189 723 855 918 1092 -
(mg/)  [standard Deviation 327 110 - 104 177 142 -
£ |Average 2.41 2.44 2.13 0.62 0.54 1.80
(mg/)  |standard Deviation 0.45 0.47 0.13 0.14 0.09 0.25
Mo |Average 2.11 2.96 2.69 0.06 0.19 2.23
(mg/)  |standard Deviation 0.61 0.66 0.34 0.27 0.42 0.31
Mn |Average 0.44 1.23 1.37 0.08 0.05 1.64
(mg/l)  IStandard Deviation 0.33 0.36 0.21 0.21 0.03 0.21

Report No. 05201011
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MW time trends.xisTable 4
Table 4. Source Concentrations used as input to Load Balance Model (all in mg/).
S04 F Mo Mn

Background Concentrations "

- Shallow alluvial groundwater system 20 0.8 0 0

- Deep volcanic groundwater system 20 1.15 0 0
Seepage Losses of Process Water at Surface @ 860 4.8 2.2 0.12
"Old" Process Water stored in Tailings Deposit ! 1050 47 2.1 0.37
Tailings Porewater ariginating from Precipitation “ 2466 22 5.2 3.4

Notes:

M see RGC, 1998 (table 2.5); if background concentrations were greater than

downstream target concentrations (Tabile 5) then the latier estimate was taken as background
@ median value of all tailings pond samples collected between 1997 and 1999
® average value of tailings pond samples collected between 1997 and 1999
 backcalculated from six teach extraction tests on Questa tailings (see Wels et al, 2000).
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Table 5. Target Concentrations used for Load Balance Model (all in mgi/l).

S04 F Mo Mn

Target Concentrations at Malycorp boundary
shallow alluvial aquifer "V 569 0.41 0.14 0.18
deep volcanic aquifer® 147 0.93 0.14 0.01

Target Concentrations at discharge point near Red River

shallow alluvial aquifer ("cold springs”) @ 83 0.70 0.01 0.02
deep volcanic aquifer ("wamm springs”) & 64 1.02 0.02 0.01
Notes: ‘ ' r

) average concentrations in monitoring wells in shallow afluvial aguifer located
downstream of seepage interception system (MW-1, MW-2, MW-3, MW-9A and MW-14)
for period fall of 1993 to spring 2000 4

@ average concentrations in monitoring wells in deep volcanic aquifer located
downstream of Questa tailings-facility (MW-11 and MW-13)

for period fall of 1993 to spring 2000

® average concentrations for period fall of 1993 to spring 2000

Robertson GeoConsultants Inc.
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Table A1 EAC Curve for Section 36 Tailings Impoundment

This table provides an approximate EAC relationship for the period up to and including 1974.

WBTailings Impoundment.xlsTable A1

The impoundment was created by the construction of Dam 1 in the Section 36 arroyo. Dam 2 provided containment
of tailings to the north. Tailings were deposited in area east of the present Dam 1B. No explicit allowance has been made
for increased storage resulting from excavation of borrow sites within tallings impoundment. All incremental volumes were

scaled by a factor of 1.05 {see text for explanation).

Approximate] Incremental

Incrementa) Incremental Area (of horizontal slice Planimetric Area| Planimetric,

Volume Volume Elevation Elevation through tailings deposit) of Tailings Deposit Areal

{1000 m*) {1000 m?) {ft) (m) {m) (ftz) (ha)l (acres) (ha) {ha)

0 3.0 7342) 2237.7 24 0 0.0 0.0 0.0 02

3.0 885 7350] 2240.2 15.2 25139 0.2 0.6 0.2 10.6

888 3252 7400 2255.4 15.2 1166156 10.8 26.8 10.8 19.0

4141 7894 7450 2270.6 15.2 3209675 208 73.7 298 39.0

12035 6138 7500 22859 7.6 7412340 689 1701 68.9 16.4
18171 7525 2293.5 9098971 84.5 208.9 85.2

This table provides an approximate EAC relationship for the period 1975 to present.
Dam 1C was constructed parallel to and upstream of Dam 1. Containment of the tailings deposit on its east side
was achieved by constructing perimeter dikes {Dams 1B and 2A}. A separator dike was also provided to contain
the deposit on the west. Tailings deposition was made to area north of Dam 2, No explicit allowance has been made
for increased storage capacity resulting from the excavation of borrow sites within the tailings impoundment. All of
the incremental volumes were scaled by a factor of 1,05 (see text for explanation).

Approximate] Incremental

Incremental Incremental Area (of horizontal slice Planimetric Areal Planimetric

Volume| - Volume Elevation Elevation through tailings deposit) of Tailings Deposit Area

(1000 m%)| (1000 m?) (ft) (m) {m) {#t) (ha)| (acres) {ha) (ha)

0 3.0 73420 22377 24 0 0.0 0.0 ©.0 0.2

3.0 885 7350 22402 15.2 25139 0.2 0.6 0.2 10.6

888 3252 7400 22554 15.2 1166156 10.8 26.8 10.8 19.0

4141 8295 74501 22708 15.2 3209675 29.8 737 29.8 44.0

12435 6852 7500 2285.9 7.6 7951012 73.9 182.5 73.9 24.3

19288 28 7625{ 22935 0.0] 10488871 97.4 240.8 88.1 0.0

19315 18392 7525.1 22935 18.0 8217586 76.3 188.6 98.1 39.5
37708 7584 23115 12790080 118.8 293,86 137.6

Report No. 05201011
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Table A2 EAC Curve for Section 35 Tailings impoundment

This table provides an approximate EAC relationship for the period up to and including 1990.
The impoundment was created by the construction of Dam 4 in the Section 35 arroyo. Dam 3A provided containment of the
tailings deposit to north. No explicit allowance was made for increased storage capacity resulting from the excavation of

borrow sites within tailings impoundment area. All incremental volumes were scaled by a factor of 1.05 {see text for explanation).

[
i

WBTailings Impoundment.xisTable A2

[
w

Approximate] Incremental|
Incrementai lncrement;[ Area (of horizontal slice Planimetric Areal] Planimetric
Volume Volumne Elevation Efevation through tailings deposit) of Tailings Deposit Area
{1000 m®) {1000 m%) {ft) {m) {m) (&) (ha)] (acres) (ha) {ha)
0 440 7356 22420 134 0 0.0 0.0 0.0 6.3
440 3724 7400 22554 15.2 672885 6.3 154 6.3} 340
4164 9880 7450 2270.6 15.2 4337492 40.3 99.6 40.3 43.0
14054 5910 7500 2285.9 6.1 8969577 83.3 205.9 833 18.0
19964 7520 2292.0 10910432 1014 250.4 101.4
This table provides an approximate EAC relationship for the period 1991 to present.
Dam 5A was constructed to make use of storage available to the north of Dam 3A. No allowance was made for
increased storage capacity resuiting from the excavation of borrow sites within the tailings impoundment area.
All of the incremental volumes were scaled by a factor of 1.05 {see text for explanation.)
Approximate| Incremental
Incremental Incrementa—l‘i Area (of horizontal slice Planimetric Areal Planimetric
Volume Volume Elevation Elevation through tailings deposit} of Tailings Depaosit] Area
(1000 m%)| (1000 m?) (ft) (m) (m) (ff) (ha)] (acres) (ha) (ha)
0 440 7356 2242.0 13.4 0 0.0 0.0 0.0 6.3
440 3724 7400 22554 15.2 672885 6.3 15.4 6.3 34.0
4164 11066 74507  2270.6 15.2 4337492 40.3 99.6 403 57.7
15230 7306 7500 22859 6.1] 10551616 98.0 2422 98.0 323
22536 25 7520 2292.0 0.0] 14024836 130.3 321.9 130.3 0.0
22561 3783 7520.1 2292.0 7.6 3114404 28.9 71.5 130.3 371
26344 7545 2299.6 7106777 66.0 163.1 167 .4
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